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Introduction 


PLUMBING INSTALLATION AND DESIGN is a complete 
learning program designed to help the beginning student 
of the plumbing trade develop and apply the technical 
knowledge necessary to attain job-entry skills. Although 
the major scope of this text relates to residential plumb- 
ing design, commercial plumbing design is also covered. 


The objective of this text is to develop the basic skills of 
beginning students in the use of plumbing materials, tools, 
and equipment together with the basic technical know- 
ledge required for them to enter the plumbing trade. The 
students will learn how to make common joints, install the 
systems common to the plumbing trade, and also to learn 
to install plumbing fixtures and appliances. 
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What аге а plumber’s responsibilities? 


L2 


itation. To meet this responsibility, the 
to a building, distribute-this water supply to the 


various plumbing fixtures, апа remove the waste 


water and water-borne waste materials. The plumb- 


z is also responsible for the maintenance and - 


In the 
process of supplying water to the building and 
removing the water-borne waste materials, the 
plumber constructs the plumbing systems of a 
building. A typical plumbing code might use the 
following definition of plumbing and a plumbing 
system: 


Plumbing. Plumbing is the art of in- 
stalling in buildings, the pipes, fixtures, 
and other apparatus for bringing in the 
water supply and removing waste wate 
and water-carried waste. 

Plumbing System. The plumbing sys- 
tem of a building includes the water sup- 
ply distributing pipes; the fixtures and 
fixture traps; the soil, waste, and vent 
pipes; the building drain and building 
sewer; the storm water drainage; with 
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their devices, appurtenances, and con- 
nections within the building and outside 
the building within the property line. 


The plumber is usually guided in the job of 
supplying a building with a safe water supply 
and removing the water-borne waste materials 
by state and/or municipal plumbing codes. Fig- 
ure 1-1 shows the 23 basic plumbing principles 
on which a typical state plumbing code is based. 

The plumbing trade has an old and interesting 
history. Prehistoric man of a hundred thousand 
years ago left indications of sanitation and 
plumbing skill. Crude as these devices were, 
they offered proof that even these primitive peo- 
ple realized the consequences of poor plumbing. 
The rulers of Egypt, Greece, and Rome, thou- 
sands of years before Christ, advocated sanitary 
facilities of one kind or another. Bathtubs that 
were mere holes in the ground lined with tile, 
and water-conveying aqueducts constructed of 
terra cotta and brick and terminating in a reser- 
voir, were some of these historic accomplish- 
ments. 

The individual who worked in the sanitary field 
in ancient Rome was called a plumbarius, taken 
from the Latin word plumbum, meaning lead. 
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Because this individual’s work consisted of 
shaping lead, this name seemed fitting. It is in- 
teresting to note that until just recently much 
lead was still used for waste and water supply, 
and after two thousand years the sanitarian is 
still called a plumber. Evidence of the skill of 
these artisans can be seen in the aqueducts they 
built, some of which are still in use today. 


During the period known as the Dark Ages 
(A.D. 400 to 1400) the culture of the early Romans 
deteriorated. Disease was rampant, and unsani- 
tary conditions were responsible for destroying 
at least one quarter of the population of ancient 
Europe. In the fight for supremacy during this 
period, the Goths, Christians, and other invaders 
destroyed what remained of Roman culture. Eu- 
rope was dormant for almost ten centuries. 

During the Renaissance, a gradual upbuilding 
of plumbing again began. Early in the 17th 
century the first plumbing apprentice laws were 
passed in England. France began building pub- 
lic water service installations in the 18th century. 
In general, Europe was in a period of building, 
including in this progress the art of sanitary 
science. 

In the United States, which was largely devot- 
ed to agriculture, very little progress in plumbing 
was made up to the year 1800. The kitchen sink 
and portable bathtub were the first two indoor 
plumbing fixtures. The outside privy was a com- 
mon means of disposing of waste matter. Water 
closets, imported from England (where they 
were first patented), were in use in a few in- 
stances, but it is doubtful whether scientific 
principles were applied in installations of that 
day. 

After the Civil War, plumbing improvements 
came slowly but steadily. Patents were issued on 
traps and methods of ventilation. Public water 
supply and sewage disposal systems became 
more evident, and plumbing came to be regard- 
ed as a necessity rather than the luxury it was 
considered twenty years before. Up to 1900 very 
few homes in urban localities provided more 


than a hydrant and a slop hopper for the disposal 


of waste. After the turn of the century, plumbing 
progressed more rapidly. Water closets of the 
hopper and washout varieties as well as sinks, 
wash basins, and bathtubs were provided within 


the walls of a building. Scientific methods were 
becoming used in constructing plumbing instal- 
lations. 

Fixture traps were ventilated, and hot and cold 
running'water was introduced. The siphon wash- 
down closet appeared during this period, and 
states were developing legislation for the control 
of sanitation. The greatest progress in plumbing 
took place after the year 1910, which is rather 
recent for a trade that has a background of 
thousands of years. Modern manufacturing 
methods provided materials and equipment that 
could be scientifically incorporated into а 
plumbing system. Buildings became larger, and 
the people who occupied them demanded more 
sanitary facilities. 


©) STRUCTURE OF THE TRADE 


The plumbing trade is structured into various 
levels of craftsman: apprentice, journeyman, 
foreman, superintendent. 

Apprenticeship or learning usually lasts from 
four to five years. Dating back to early history 
apprentices in the various crafts were inden- 
tured (a contract binding one person to work for 
another for a given length of time to learn a 
trade) to a master craftsman, most often a con- 
tractor, for a number of years to learn the trade. 

In many cases, the apprentice's father had to 
pay the master a fee to get him to teach his son 


-the trade. From the medieval days down through 


most of the 19th century, the apprentice would 
live with the master and would get room and 
board plus some clothing. However, he was a 
virtual slave to the master, subject to his every 
wish. 

Today in the plumbing trade, apprentices are 
protected by federal and state laws, and the local 
JATC (Joint Apprenticeship and Training Com- 
mittee) in regard to hours of work, wages, and 
conditions of employment. Furthermore, there is 
no control over the apprentices outside of the 
working hours. Also, apprentices are now select- 
ed from applicants who meet the standards of 
the local JATC. The apprentice is indentured to 
the JATC and then assigned to a contractor. If the 
contractor runs out of work the JATC will 
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place the apprentice with another contractor. This 
permits the JATC to control the training and han- 
dle the federal, state, and veterans' paperwork. 
The journeyman, or experienced craftsman, is 
one who has completed an apprenticeship in the 
trade. The journeyman is now a free agent and can 
work for any contractor. The journeyman plumber 
may travel from place to place, going where the 
work is to be found. 
The foreman (or supervisor) is a journeyman 
who has been placed in the job of supervising a 
group of workers. А supervisor is given this position 
because of ability shown as a craftsperson, as well 
as the ability to supervise other craftpersons. The 
supervisor is responsible for laying out the work for 
the journeyman and apprentices on the job and 
seeing that they have enough tools and material 
to work with. On larger jobs there will sometimes 
be a general foreman who supervises the foremen. 


The superintendent is usually a foreman who 
has been promoted to this important position. 
A superintendent is in charge of all the work in 
the field for the contractor and supervises the work 
of the foremen and general foremen. 

In the construction industry, the foremen, gen- 
eral foremen, and superintendent keep their 
union membership. Many of the smaller contrac- 
tors are permitted to retain their union cards in 
some unions. Plumbers, too, permit this in some 
areas. 

Large plumbing contractors will employ an 
estimator who works in their offices to estimate 
the cost of the jobs the contractor wants to bid 
on. Working from the blueprints and specifica- 
tions, the estimator takes off (measures and/or 
counts) the plumbing fixtures and equipment, and 
measures the footage of piping required to install 
the given job. This is done to figure costs of 
material and labor so that a fair bidding figure may 
be obtained for the contractor to make a profit on 
the job. The estimator must be skilled in 
mathematics, blueprint reading, trade practices, 
and estimating the cost of labor and materials. 


The last person in this team of workers, super- 
visors, and estimator is the contractor. The contrac- 
tor must know all phases of the business. This in- 
cludes knowing all the regulations governing the 
construction industry, being licensed to install 
plumbing, and being able to provide the money for 
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payrolls and materials. The livelihood of the com- 
pany's employees depends on the overall ability of 
the contractor to run the business successfully. 


[s] JOINT APPRENTICESHIP 
AND TRAINING COMMITTEE 
APPRENTICESHIP 
STANDARDS 


The plumbing industry has, in cooperation 
with the U. S. Department of Labor, Bureau of 
Apprenticeship and Training, set up National 
Standards of Apprenticeship. These standards 
define what the term apprentice in the trade shall 
mean. The standards set forth age limits, educa- 
tional requirements, length of apprenticeship, 
ratio of apprentices to’ journeymen, hours of 
work, and wages. | 

The Joint Apprenticeship and Training Com- 
mittee, commonly known as the JATC, is com- 
posed of equal representation from labor and 
management, with consultants from the Bureau 
of Apprenticeship and the state or local board of 
education attending as nonvoting advisors. 

The JATC has the delegated power to set the 
local standards consistent with the basic re- 
quirements established by the national commit- 
tee. These local standards are particularly im- 
portant in the plumbing industry; the apprentice 
plumber must learn the local plumbing codes 
and ordinances so that upon completion of the ap- 
prenticeship training the candidate will be able to 
pass a plumbing license examination based upon 
them. Figure 1-2 shows a typical set of local stan- 
dards for a four-year program. Note that the stan- 
dards also include the wage rate structure the ap- 
prentice will receive during the term of the 
apprenticeship. 


When signing the indenture agreement, the ap- 
prentice agrees to live up to all its provisions 
and in turn is protected by its rules and regula- 
tions. Some state Bureaus of Apprenticeship and 
Training will then issue the apprentice an identi- 
fication card. This card will be the apprentice's 
personal identification when on the job site, until 
a journeyman plumber's license has been ob- 
tained. | 

In addition to supervising the on-the-job train- 
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PLUMBER QUALIFICATIONS 


Age—At least 17 years of аде 
Education—High School graduation or equivalent 


Physical Examination—Physical examination by a 
doctor may be required by the JATC. 


Other—Applicants must be citizens of the United 
States, or in the process of naturalization. 


Term of Apprenticeship 


The term of apprenticeship shall be not less than 
four years, to be divided as follows: 7024 hours of 
work experience, and not less than 800 hours of 
related instruction (200 hours per year); shall be 
considered to be the minimum requirements for the 
development of a journeyman. 


Work Processes Covered During Training 


Installation of piping for waste, 


soil sewerage, vent, and leader pipes. ... 1760 hours 
Installation of piping for hot and 

cold water for domestic purposes ...... 640 hours 
Installation of tin pipe, lead pipe, 

ЕНЕЕШЕНЕ Ж м м ан зу PES 80 hours 
Assembly and connection of fixtures 

ап solos 22222222777. 1600 hours 
С о у хс и Е 320 hours 
Maintenance and repair of plumbing. ..... 1200 hours 
Installation of other work usually 

performed by plumbers .............. 1424 hours 


Total 7024 hours 


Apprentice Wages 


tst 1756 hours.... 
2nd 1756 hours.... 
3rd 1756 hours.... 
4th 1756 hours.... 


50% 

60% E 
journeyman 

70% wage rate 

8096 
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Figure 1-2. Typical local apprenticeship standards. 


ing the apprentice receives, the JATC also estab- 
lishes the curriculum for the related instruction 
the apprentice receives. This related instruction 
consists of both classroom and shop classes. 


During the period of the four-year apprentice- 
ship the apprentice plumber will receive class- 
room instruction in the following areas: plumb- 
ing theory, natural gas piping, blueprint reading, 
and plumbing codes. Typical plumbing shop 
classes are: gas welding, arc welding, soldering 
and silver brazing, and lead working. 


When an apprentice completes the classroom 
training and the required number of hours of on- 
the-job training, the JATC notifies the Bureau 
of Apprenticeship and Training, and this agency 
issues a completion certificate. In addition, upon 
passing the plumbing license examination(s) the 
apprentice plumber will be issued the state and/ 
or local plumbing licenses. These licenses are 
important because local plumbing ordinances 


usually require that a plumber be licensed in the 
area before work can be done there, and the ordi- 
nances usually do not permit apprentices (who 
are not licensed) to work alone on jobs. 


[s] BLUEPRINT READING 
AND SPECIFICATIONS 


In addition to practical training with tools and 
materials, the apprentice plumber will have to 
devote much time to learning to read and under- 
stand blueprints and specifications. Blueprints and 
specifications are the working drawings and the 
written instructions that tell the various crafts how 
the architect and the various engineers (electrical, 
mechanical, and structural) want the building con- 
structed. 
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Figure 1-3. Symbols used for plumbing fixtures, piping, 
fittings, and valves. (American National Standards Institute) 
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The working drawings are called blueprints 
because in years past the common building 
drawing was a blue background sheet with white 
lines. However, in most cases today, they are 
white prints (white background with blue or 
black lines). The name blueprint is still common- 
ly used to describe these drawings. 

The blueprints for most larger buildings are 
divided into three sets: 

1. Structural blueprints show the supporting 
structure of the building. This includes the nec- 
essary pilings, footings, foundation walls, col- 
umns, beams, floor slabs, and roof. 

2. Architectural blueprints are the complete 
building plan (except for structural and mechan- 
ical details). Architectural blueprints show fram- 
ing, walls, partitions, wall finish schedules, trim, 
cabinets, and all the measurements for walls and 
partitions. 


The mechanical blueprints are an outline of the 
architectural blueprints, but in the case of the 
plumbing systems, give a complete drawing of 
the plumbing fixture installation and piping. 

On smaller buildings and residential construc- 
tion, the structural and mechanical blueprints 
will quite often be incorporated in the architec- 
tural blueprints. 


Symbols. Piping symbols are used by archi- 
tects and mechanical engineers on the blue- 
prints to represent the various plumbing fixtures 
and piping systems as well as the pipe fittings 
and valves used to construct these systems. 
Figure 1-3 illustrates the standard symbols used 
for plumbing fixtures, piping, fittings, and valves 
that the apprentice will encounter on blueprints. 

On the mechanical blueprints, 
the apprentice will find plan views of the plumb- 
ing fixtures and piping as they are to be installed 
as well as schematic and isometric piping draw- 
ings. 


Figure 1-4 illustrates a plan view of the 
umbing fixture instaliation i 


LAVATORY 
BATHTUB 


Figure 1-4. Plan view of the plumbing fixtures in a bathroom. 


Figure 1-5 is a schema 
e sanitary drainage and vent piping for the 


bathroom illustrated in Figure 1-4 (Figures 1-7, 


1-8, and 1-9 are also schematic drawings). 
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Figure 1-5. A schematic piping drawing of sanitary drain- 


age and vent piping for the bathroom pictured in Figure 1-4. 
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S. Figure 1-6 is an isomet- 
drawing of the sanitary waste and vent 
piping for the bathroom illustrated in Figure 1-4. 
(The piping drawings found in Chapters 7, 9, and 
12 of this text are nearly all isometric piping 
drawings.) 

On many smaller jobs, the blueprints will not 
show any piping drawings. The only information 
provided for the plumber will be the architectural 
plan views, which show where the plumbing 
fixtures are to be installed. On these jobs, it will 
be necessary for the plumber to make schematic 
and isometric piping drawings. For this reason, the 
apprentice will have to spend a considerable 
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Figure 1-6. An isometric piping drawing of sanitary drain- 
age and vent piping for the bathroom pictured in Figure 1-4. 
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amount of time making schematic and isometric 
drawings of the different piping systems so that 
familiarity for the layout of the different piping 
systems located in buildings can be acquired. 


that amplify and supplement the working drawings. 
Depending on the size of the job, the specifica- 
tions may consist of a few notations printed on the 
blueprints, a few sheets of paper, or even elaborate 
books covering hundreds of pages. 


shown on the working drawings. They also include 


information on legal responsibilities, insurance, 
quality of workmanship, and other necessary de- 
tails such as brands and types of plumbing fixtures 
and equipment. 


It is not the intent of this text to teach blueprint 
reading. The chapters covering the installation 
of piping systems in buildings will illustrate the 
architectural and mechanical prints or piping 
drawings for these buildings. To further your 
knowledge of blueprint reading you should ob- 
tain some basic blueprint reading texts. From 
these manuals you can learn about floor plans, 
elevations, building cross sections, and details. 
You might consider making your own sketches 
of the piping systems of buildings to appreciate 
how the building's piping systems fit within the 
building framework. 


[s] PLUMBING SYSTEMS 
OF A BUILDING 


At the beginning of this chapter, it was stated 
that the plumber constructed the plumbing sys- 
tems of a building to supply water to that build- 
ing and remove the liquid and water-borne waste 
materials. A plumbing code's definition of 
plumbing systems was also given. In this text the 
apprentice will be concerned with the 3 most 
basic plumbing systems of a building: 


1. The Potable Water Supply System. 

2. The Sanitary Drainage and Vent Piping 
System. 

3. The Storm Water Drainage System. 
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Figure 1-7. Potable water supply system of a building. 


Included with the following explanations of 
each of these 3 systems are a schematic drawing 
of each system and a list of terms and definitions 
pertinent to each system. As an apprentice, you 
will need to know the meaning of these terms 
and definitions in order to understand the mate- 
rial presented in the later chapters of this text. 


The Potable Water Supply System. The po- 
table water supply system of a building is illus- 
trated in Figure 1-7. 


e following terms (most of which are shown 
in Figure 1-7) relate to the potable water supply 
system. 

re- 


sent in amounts sufficient to ia ease or 


harmful physiological effects. Its bacteriological 
and chemical quality shall conform to the re- 


quirement of the state board of health. (Minne 
sota Plumbing Code.) 

Potable Water Supply System. The water ser- 
vice pipe, the water distributing pipes, and the 
necessary connecting pipes, fittings, control 
valves, and all appurtenances within the building 
or outside the building within the property lines. 

Water Main. The pipe that conveys potable 
water for public or community use from the 
municipal water supply source. 

Corporation Cock or Corporation Stop. A 
valve placed on the water main to which the 
building water service is connected. 

Water Service. The pipe from the water main 
or other source of water supply to the water 
distributing system of tne building. 

Curb Cock or Curb Stop. А valve placed on 
the water service usually near the curb line. 

Stop Box or Curb Box. An adjustable cast 
iron box that is brought up to grade with a 
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removable iron cover. By inserting a shutoff rod 
down into the stop box it is possible to turn off 
the curb cock. | 

Water Meter. А device used to measure the 
amount of water in cubic feet or gallons that 
passes through the water service. 

Water Distributing Pipe. А pipe that conveys 
water from the water service pipe to the point of 
use. | 

Main. The principal pipe artery to which 
branches may be connected. 

Riser. A water supply pipe that extends verti- 
cally one full story or more to convey water to 
fixture branches or to a group of fixtures. 

Fixture Branch. А water supply pipe between 
the fixture supply pipe and a water distributing 
pipe. 

Fixture Supply. А water supply pipe connect- 


“Т; 


umbina f 
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A sanitary drainage and vent piping sys- 
tem is illustrated in Figure 1-8. The following 
terms relate to sanitary drainage and vent piping 
systems /n general: 


апа water-borne wastes 
IXtures and convey these wastes 
to the sanitary sewer or other point of disposal. 


siphonage and back pressure. 
~-Sewage. Any liquid waste containing animal 
or vegetable matter in suspension or solution. It 
may include liquids containing chemicals in so- 
lution. (Minnesota Plumbing Code.) 
~ Sewer Gas. The mixture of vapors, odors, 
and gases found in sewers. 

~ Cleanout. 
plug that is placed in plumbing drainage pipe 
lines to afford access to the pipes for the pur- 
pose of cleaning the interior of the pipes. 

Waste Pipe. A pipe that conveys only liquid 

waste free from fecal material. 
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^ 
A fitting with a removable plate or 


r without the discharge of other 

ixtures to the building drain or building sewer. 
Stack. -А general term for any vertical line of 

Soil, waste, or vent piping extending through one 

or more stories. 

` The following terms apply specifically to Fig- 

ure 1-8: 

Sanitary Sewer. А sewer that carries sewage 
and excludes storm, surface, and groundwater. 

Building Sewer. That part of the drainage 
system that extends from the end of the building 
drain and conveys its discharge to the public 
sewer, private sewer, individual sewage-disposal 
system, or other point of disposal. 

Front Main Cleanout. A plugged fitting locat- 
ed near the front wall of a building where the 
building drain leaves the building. The front 
main cleanout may be either inside or directly 
outside of the building foundation wall. | 

Building Drain. That part of the lowest piping 
of the drainage system that receives the dis- 
charge from soil, waste, and other drainage 
pipes inside the walls of the building and con- 
veys it to the building sewer. 

Building Drain Branch. А soil or waste pipe 
that extends horizontally from the building drain 
and receives only the discharge from fixtures on 
the same floor as the branch. 

Stack Cleanout. А plugged fitting located at 
the base of all soil or waste stacks. 

Waste Stack. А vertical line of piping that 
extends one or more floors and receives the 
discharge of. fixtures other than water closets 
and urinals. 

Soil Stack. A vertical line of piping that ex- 
tends one or more floors and receives the dis- 
charge of water closets, urinals, and similar 
fixtures. It may also receive the discharge from 
other fixtures. 

Horizontal Branch. A soil or waste pipe that 
extends horizontally from а stack which receives 
only the discharge from fixtures on the same 
floor as the branch. 

Fixture Drain. The drain from the trap of a 
fixture to the junction of that drain with any other 


drain pipe. 
à r device Ж 


1. SANITARY SEWER 
2. BUILDING SEWER | 


3. FRONT MAIN | 
CLEANOUT l 


4. BUILDING DRAIN | 


5. BUILDING DRAIN 
BRANCH 


6. STACK CLEANOUT | 
7. WASTE STACK 

8. SOIL STACK 
9. VENT STACK 
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Figure 1-8. Sanitary drainage and vent piping system of a building. (Ralph R. Lichliter) 


MEER + materially 
ing the flow of sewage or waste water 


through it. 

Individual Vent. А pipe installed to vent an 
individual fixture trap. It may terminate either 
into a branch vent, a vent stack, a stack vent, or 
the open air. 

Branch Vent. А vent pipe connecting two or 
more individual vents with either a vent stack or 
a stack vent. 

Stack Vent. The extension of a soil or waste 
stack above the highest horizontal drain con- 
nected to the stack. 

Vent Stack. А vertical pipe installed to pro- 
vide circulation of air to and from the drainage 
system. 


Roof Jacket or Flange. А jacket or flange 
installed on the roof terminals of vent stacks and 
stack vents to seal this opening to prevent rain- 
water from entering into the building around the 
vent pipe. 

The Storm Water Drainage System. Тһе 
illustrated in Fig- 


recipitation to the s 
sewer or other place of disposal. 

The following terms apply to Figure 1-9: 

Storm Sewer. А sewer used for conveying 
groundwater, rainwater, surface water, or similar 
nonpollutional wastes. 

Building Storm Sewer. А building sewer that 
conveys storm water but no sewage. 
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Figure 1-9. Storm water drainage system of a building. 


Building Storm Drain. А building drain that 
conveys storm water but no sewage. 

Rainwater Leader, Conductor, or Downspout. 
A pipe inside the building that conveys storm 
water from the roof to a storm drain. 

Hoof Drain. А drain installed to receive water 
collecting on the surface of a roof and to dis- 
charge it into a rainwater leader, conductor, or 
downspout. 


REVIEW QUESTIONS 


1. Define the terms plumbing and plumbing 
system. 


2. What article in the plumbing field received 
the first patent? In what country? 
3. In what period of United States history were 


the earliest patents issued on plumbing equip- 
ment? 


4. Define the term indenture. 


12 


5. As an apprentice, what is your relationship 
to the JATC? 

6. What are some typical qualifications that an 
apprentice plumber must possess? 

7. How much knowledge and ability must a 
plumber have in the field of drafting? 

8. What are the specifications for a job? 

9. 

г. 

10. Probably the most important single device 
in the plumbing system is the fixture trap. Ex- 
plain what a fixture trap is and why it is used in 
the system. 

11. Why must the drainage system of a build- 
ing be vented? 


CHAPTER 


Training in accident prevention or job safety is 
probably one of the most important phases of 
the apprentice plumber's education. Because 
the building industry has a comparatively high 
accident rate, the apprentice plumber must be- 
come aware of the hazards associated with the 
plumbing trade as well as those of all the other 
trades working on the job site. When an accident 
occurs, it affects not only the worker, but also 
members of the family and other workers. Ас- 
cidents on the job site can cause temporary dis- 
ability, permanent disability, and even death. 

In addition to serious accidents, the careless 
worker is exposed to many small cuts, bruises, 
and burns, and the pain and temporary handi- 
cap that go with them. If the apprentice is in- 
jured or disabled on the job, the worker will prob- 
ably miss time from the job, thus resulting in loss 
of wages and causing additional hardships. The 
apprentice plumber must become safety con- 
scious to help reduce the accidents on the job 
to a minimum. The apprentice plumber must 
learn to think of safety in every aspect of the 
job. 

“Safety first” is a slogan adopted on a national 
scale by all branches of industry. Safety laws and 
regulations governing employees in the con- 
struction industry (and other industries as well) 


Job 
Safety 


have been enacted by the federal government 
under the form of the national Occupational 
Safety and Health Act of 1971 (OSHA). The law is 
administered by the Department of Labor and 
enforced by the Occupational Safety and Health 
Review Commission through job site inspections 
by OSHA inspectors. The National Safety Coun- 
cil called the new law ‘‘perhaps the single most 
important event in the history of safety move- 
ment.” This law guarantees the worker, as an 
employee, a place to work free from "recognized 
(safety or health) hazards that are causing or are 
likely to cause death or serious physical harm.” 
OSHA also requires employees to comply with 
occupational safety and health standards as 
well as all rules, regulations, and orders issued 
under the act that apply to their actions and 
conduct. 

Education in job safety has become an impor- 
tant phase of the instruction of every apprentice 
plumber. Safety rules important to the plumbing 
trade (many of which are taken directly from the 
OSHA safety and health regulations for con- 
struction) will be outlined briefly. For your c 
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In the normal daily duties of the job the plumber 
will work with materials, hand tools, 
and machinery that can cause serious injury if 
improperly handled. If an injury should occur, 
seek first aid no matter how slight the injury and 
report it to your supervisor. Blood poisoning 
may result from an insignificant scratch. Blind- 
ness may result from a particle left in your eye. 
Every job is required by OSHA to have an easily 
accessible, continuously stocked first-aid kit. It 
is advisable that every apprentice take a first-aid 
course at the first opportunity; this course is a 
part of many apprentice plumbing training pro- 
grams. 


General Safety on the Job 

Saf Р — FI = + 
awareness: knowledge and skill in the use and. 
care of your tools and awareness on the job of 
the particular hazards and safety procedures 
involved. Tool skills may be learned; awareness, 
however, depends on attitude. An attitude of 
care-and concern while on the job will help 
prevent injuries not only to yourself, but also to 
other workers. Always be alert while on the job and 
follow recommended safety procedures. /fin doubt, | 

. ask questions. 

1. Wrestling, throwing objects, and other 
forms of horseplay should be avoided. Serious 
injuries may be the result. 

2. Provide a place for everything, and keep 
everything in its place. 

3. Plumbing fittings and materials should be 
stored where they are accessible but clear of 
Stairways and passageways. Small fittings 
should be stored in bins by sizes and type. Large 
fittings will probably have to be stacked in piles. 
The fittings should not be scattered around the 
work area or under the work bench where some- 
one could trip or fall over them. 

4. Pipe should be stockpiled by size and type 
in an accessible location. It should be stacked in 
such a manner that it cannot roll on someone. 
When removing stockpiled pipe from the pile, do 
it in a way that will not disturb the entire pile and 
cause it to shift or move quickly. 

5. Keep all work areas clear of pipe scraps, 
tools, and other materials. Things left scattered 
about the floor may cause stumbling or tripping 
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and result in serious injury from a fall. Remove 
waste material from the work area and dispose 
of it properly at regular intervals. 

6. Never place articles on windowsilis, step- 
ladders, or other high places where they may fall 
and cause injuries. Check scaffolds and ladders 
for articles before they are moved. 

7. Oil, water, and other slippery substances 
left on the floor may cause a serious accident. 

or wipe them up. 

8. Keep your arms and body as nearly 
straight as possible when lifting heavy objects. 
Place your feet close to the object. Bend your 
knees, squat, and keep your back as straight as 
possible. Lift with the legs—not with the back. If 
the object is too heavy or too bulky, get help. 

9. Use the proper tools when moving, rais- 
ing, or installing heavy pipe or equipment. Do 
not overload the tools. Plan the moving and 
raising operations out in advance. Seek advice if 
you are not sure of the proper method. 

10. Use the proper rigging methods and the 
proper rope, sling, or choker when lifting pipe or 
other materials and equipment. Inspect all rig- 
ging equipment before using it to see that it is in 
good condition and free from flaws. Do not use 
any defective rigging equipment. Do not over- ` 
load the rigging equipment. 


11. When raising equipment or pipe into the 
air, avoid standing below the load. Never stand 
below a load being raised by a crane. 

12. Mark or tag all defective or faulty tools and 
equipment (or render them inoperable) and have 
them removed from the job site to prevent some- 
one from using them. 

13. Work only in adequately lighted areas. 

14. Work with your employer to develop a 
proper fire protection program and have the 
proper fire protection equipment on hand. Do 
not burn yourself out of a job. 

15. Notify your immediate supervisor of any 
known violations of safety rules or of conditions 
you think may be dangerous. 

16. Immediately report all accidents, no mat- 
ter how slight, to your superior, and report for 
first aid treatment. 

17. Don't take chances. 


Clothing and Personal Protective Equipment 


The plumber must wear the proper clothing and. 
personal protective equipment for the job to be per- 
formed safely. 

1. Wear comfortable overalls or coverails that 
fit properly and are in good repair. The pantlegs 
should be tailored to eliminate cuffs, as cuffs 
tend to catch dirt, hot sparks, and protruding 
objects. 

2. A long-sleeved shirt should be worn for arm 
protection from burns, cuts, and scratches. The 
shirt cuffs should either be buttoned or rolled 
past the elbow to prevent their catching on tools, 
machinery, or protruding objects. 

3 
caps should be worn to protect your feet from 
falling objects and from dampness. Never wear 
soft-soled shoes; you might step on a nail that 
would puncture the soft sole and enter your foot. 

4. Head protection (hard hat) is required 
headwear on virtually all construction jobs. The 
wearing of an approved plastic helmet (hard hat) 
is required whenever a plumber is working in an 
area where there is danger from falling or flying 
objects or from electrical shock and burns. On 
the average construction job, there is the con- 
stant danger of some worker dropping а tool or 
piece of material from a scaffold or from one 
of the floors above. A hard hat should always 


be worn whenever a crane is being used, or 
whenever you are working in a trench. 

5. Hand protection in the form of gloves, of 

the proper weight for the job being performed, is 
very essential for a plumber. In addition to keep- 
ing your hands relatively clean, gloves will pre- 
vent many minor burns, cuts, and blisters on 
your hands. Always wear gloves when working 
with hot lead or when soldering or welding. 
6. The proper eye and face protection is 
necessary whenever the work being performed 
presents a potential hazard to either your eyes or 
face. Goggles should be worn when chipping, 
cutting, or drilling in rock, concrete, or brick. A 
face mask should be worn when ТРЕЕ: А 
plumber who normally wears corrective eye- 
glasses should wear spectacles with protective 
(hardened or plastic) lenses (OSHA lists specific 
types of required eye and face protection for 
many hazardous tasks.) 

7. Ear plugs or ear protectors should be worn 
when working in extremely noisy areas. Cotton is 
not an acceptable form of ear protection. 

8. If it is necessary to work in an area where 
there are hazardous dusts, gases, or vapors the 
proper type of respirator, gas mask, or breathing 
apparatus must be worn. Seek advice and get 
the proper training before using any of these 


ABOVE ALL 
SOBRE TODO 


herd hats protect you! 
ilos cascos le protegen a usted! 


National 
Safety Council 
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ere's a right tool 
for every job_ 


National 
Safety Council 


pieces of protective equipment. Do not work 
alone when the working conditions require the 
use of a gas mask or breathing device. 


= 


Hand Tool Safety 


Without the proper hand tools, it would be 
impossible for a plumber to install the piping 
systems in a building. 
ing devices. They are also a source of injury if 
they are improperly used, they are not properly 
maintained, or they are stored improperly. The 
apprentice plumber must learn the proper and 
safe way to use, maintain, and store tools. Do not 
attempt to use any tool without the proper training! 


1. Always focus your full attention- on the- 


work. 

2. Use the right tool for the job. Use not only 
the proper tool, but also the correct size. Use 
good quality tools and use them for the job they 
were designed to accomplish. 

З. 1м 
your tools—learn the safe way of working with 
each tool. Never use tools beyond their capacity. 
Don't be afraid to ask questions on the proper 
and safe use of a tool. 

4. Keep tools in their best condition. Always 


inspect. а tool before-using it. Do not use a tool 
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that is in poor or faulty condition. Use only safe 


tools. Chisels and caulking irons should be 


sharp; tool handles should be free of cracks and 
splinters and fastened securely to the working 
part. 

5. Batter-heads of metal tools must be kept 
ground smooth and square to avoid mush- 
rooming. When the head of a mushroomed tool 
is struck, bits of metal often break loose, causing 
serious injuries. 

6. Do not strike hardened metal or tools with 
a hard-faced hammer (such as a carpenter's 
claw hammer). Chips of metal may break loose 
and cause injury. 


7. Pipe wrenches should be in good condi- 


tion and have good jaws. Use the right size pipe 


wrench or chain tongs for the size of pipe being 
worked on. Always place:the pipe in the center of 
the wrench jaws, and facing in the direction of the 
pulling force (Figure 2-1). Do not use a pipe wrench 
as a hammer. | 

8. Always use a handle on a file. Otherwise, 
the tang may cut into your hand. 

9. Soldering and welding torches should be 
inspected daily to see that they are in good 
operating condition and do not leak. 


PIPE SHOULD BE 
CENTERED IN THE JAWS. 


DIRECTION M 


OF PULL 


Figure 2-1. Pipe wrench jaws should face the direction of 
pulling force. 


10. Lead furnaces should be placed on a flat, 
stable surface so that they will not tip and spill 
the pot of molten lead. 

11. When working with lead, preheat any fro- 
zen or wet lead before adding it to the molten pot 
to prevent an explosion. Keep the lead joint free 
from moisture (wipe dry). 

12. 
prevent hitting them if you should slip or miss with 
a hammer blow, or if your wrench should suddenly 
slip from the pipe. 


Electricity 


Electricity is the power supply for much of the 
mechanical equipment used on construction jobs 
today. Temporary lighting wires are found strung 
throughout the jobs during construction. Electri- 
city is very dangerous. There is nothing to show 
that electrical power is flowing through the wires 
except when a light is burning or a motor is 
turning. The electricity is there whether it is used 
or not. Great care must be taken not to touch any 
bare wire, or to create any condition where the 
current can flow through your body to a ground. 
Wet scaffolds, metal pipe, and wet ground and 
concrete are dangerous, as the wetness or mass 
of metal improves the grounding condition, per- 
mitting a greater flow of current to pass through 
the body. This causes severe shocks, burns, and 
possible death. 

If current is flowing through a person's body, ex- 
treme caution should be observed. Never touch the 
person directly. Try to remove the conductor or 
equipment creating the problem by pushing or lift- 
ing itoff with a dry piece of wood. Shut off the elec- 
tricity immediately, if possible. Secure medical help 
for the injured person immediately. 

1. 


| ДГ |(]Е() VL) 


Properly made power tools are approved by 


Underwriters' Laboratories (UL). 
3. Use о Ы SE E TER 


"sion cords to carry the required load. Undersized 
wire may cause a fire due to overheating or may 


Figure 2-2. А three-wire cord and a properly grounded outlet 
(receptacle). 


cause the tool motor to burn out when operating 
under a heavy load. Inspect all extension cords 
frequently to see that they are in good condition. 
Figure 2-2 illustrates an approved three-wire 
extension cord and a properly grounded outlet 
(receptacle). 

4. Do not leave extension cords lying where 
they will be pinched in doors or run over and 
damaged by equipment or scaffold wheels. Do 
not allow extension cords to kink. Keep them out 
of water. Extension cords must not be suspend- 

Е и” | it il estates. 

5. Extension cords and tool power cords are 
not to be used to raise and lower the tools from 
ladders or scaffolding. 

6. Never connect electrical equipment to a 
power source unless ЕТСІН TIMERE 
position. 

7. Report defective power tools and remove 
them from the job site. 


Safe Work in Trenches 


A large portion of the pipe that a plumber 
installs is laid below ground level in trenches. 
Since the apprentice plumber will be working in 
trench excavations below the ground level, a 
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INSTABILITY 
OF THE BOTTOM 
OF AN EXCAVATION 


BOILING 
^ ^f^ А 


B. UPWARD WATER FLOW CREATING 
QUICK CONDITION OF BOTTOM 


A. BOTTOM SQUEEZING OR 
HEAVE DUE TO WEIGHT 
OF ADJOINING SOIL 


.5 TO .75H 


ч. TENSION 


METHODS OF FAILURE i 
27. CRACK 


IN AN UNBRACED 
CUT OR TRENCH 


A. FORMATION OF 
TENSION CRACKS 


B. SLIDING OF SOIL 
INTO EXCAVATION 


C. TOPPLING OF SOIL 
INTO EXCAVATION 


STRESSES AND 
DEFORMATION IN AN 
OPEN CUT OR TRENCH 


A. STRESS IN B. UNSUPPORTED EXCAVATION C. PROFILE OF EXCAVATION 
UNSUPPORTED SHOWING UNBALANCED SHOWING SUBSIDENCE 
SOIL MASS STRESS IN SOIL AND BULGING 


Figure 2-3. Some common causes of trench failure that 


proper shoring helps prevent. (National Safety Council) 


safe trench must be recognized. A trench cave- 
in can be a plumber's grave! 

Trenches can be very dangerous places to 
work. A trench may fail in a variety of ways: 
the side walls may topple in, the bottom of the 
trench walls may slide in, the bottom of the 
trench may heave up because of pressure from 
the weight of the side walls, or surface water may 
boil up into the bottom of the ditch, filling it with 
mud and water. Figure 2-3 shows the conditions 
that may lead to a trench failure. Proper sheeting 


and bracing (shoring) will prevent trench fail- 
ures. 
In addition to a failure of the trench itself, there 
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are dangers from excavated material falling back 
into the trench. The worker may fall when enter- 
ing or leaving the trench and may encounter 
toxic fumes and/or gases in the trench. 

To understand the terms associated with 
trench excavations, the apprentice should study 
Figure 2-4, a glossary of trenching definitions.* 
These terms will be easier to understand if the 
apprentice studies Figures 2-5 (angle of repose), 
2-6, and 2-7 (illustrations of trench shoring). 
Table 2-1 lists the minimum sizes of shoring 


materials used with the trench shoring methods. 


*Definitions taken from the National Safety Council pam- 
phlet “Trench Excavations.” 


DEFINITIONS 


Angle of Еерозе—Тће greatest 
angle above the horizontal plane 
at which a material will lay without 
sliding. 


Cleats (Scabs)—Pieces of wood 
that solidly connect the crosspieces 
to the horizontal members (wales). 


Excavation—-Any man-made cavity 
or depression in the earth’s surface, 
including its sides, walls or faces, 
formed by earth removal and pro- 
ducing unsupported earth conditions 
by reasons of the excavation. If 
installed forms or similar structures 
reduce the depth-to-width relation- 
ship, an excavation may become a 
trench. (Put another way, a trench 
is always an excavation, but an 
excavation is not necessarily a 
trench.) 


Sheeting—Material (wood, steel, 
or concrete, which may form a con- 
tinuous line) placed in close contact 
and providing a wall to resist the 
lateral pressure of water, adjacent 
earth, or other materials. 


Spoil—tThe material resulting from 


Figure 2-4. Definitions that apply to trench excavations. 


APPROXIMATE ANGLE OF REPOSE 
FOR SLOPING OF SIDES OF EXCAVATIONS 


NOTE: CLAYS, SILTS, LOAMS OF 
NON-HOMOGENOUS SOILS 
REQUIRE SHORING AND BRACING. 


THE PRESENCE OF GROUND 
WATER REQUIRES SPECIAL 
TREATMENT. 


ORIGINAL GROUND LINE 


_————————- i MM———— 


SOLID ROCK SHALE OR CEMENTED 
SAND AND GRAVELS (90°) 


an excavation. 


Struts (Braces) — Тһе horizontal 
members of the shoring system 
whose ends bear against the up- 
rights or stringers. 


Tight Sheeting—Sheeting that is 
butted close together to form a 
continuous solid wall! to resist the 
lateral pressure of earth, water, or 
other material. 


Trench — А narrow excavation 
made below the surface of the 
ground. іп general, the depth is 
greater than the width, but the 
width of a trench is not greater than 
15 feet. 


Trench Shield——A shoring system 
composed of steel plate and brac- 
ing, welded or bolted together, 
which support the walls of a trench 
from the ground level to the trench 
bottom, and which can be moved 
along as the work progresses. 
Wales (Stringers)—The horizontal 
members of a shoring system whose 
sides bear against the uprights or 
earth. 
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Figure 2-5. Angle of repose. (National Safety Council) 


(National Safety Council) 


WELL ROUNDED LOOSE SAND 


illustrated in Figures 2-6 and 2-7. It is not neces- 
sary to memorize either Table 2-1 or the trench 
illustrations shown here, but the apprentice 
should know they exist for his reference when 
working in trenches. 

The following are some basic rules for safe 
work in trenches: ` 

1. Locate all underground utilities before 
starting to dig. | 

2. Remove all trees, boulders, or other sur- 
face objects that are going to create a hazard to 
the trench. 

3. Do not pile the excavated material on 
sidewalks, walkways, or within 2 feet of the 
trench excavation. 

4. Do not stand below the load of dirt being 
removed from the excavation by the digging 
equipment or below any material being lowered 
into the trench. AL 

5. Trenches more than 5 feet deep in hard or ыр 
Сера must be ДЕ шее Figure 2-6. An example of shoring at full-depth in soft, sandy 
angle of repose of the soil (Figure 2-5). soil or in filled ground. (National Safety Council) 


TABLE 2-1. MINIMUM SIZES OF TRENCH SHORING LUMBER. 


И НЕ Ag t a I i E e — —————————— S 


Size and spacing of members 


А Ad 


Uprights Stringers Cross braces ! 
Depth of Кіпа or condition of earth ------------ ----------- -L Maximum spacing 
trench Width of trench 
Minimum Maximum Minimum Maximum 
dimension spacing dimension spacing 
Up to 3 3 to 6 6 to 9 9 to 12 12 to 15 Vertical Horizontal 
feet feet feet feet feet 
Feet Inches Feet Inches Feet Inches Inches Inches Inches Inches Feet Feet 
ee ENIM GNMMMMM шше ааа. 
Б (010 Hard, compact. ............. 3x 40r2x6 Age сс Е: — 2х6 4x4 4x6 6x6 6x8 4 6 
ССМ __________________--- 
Likely to crack.............. 3x4or2x6 8 4x6 4 2x6 4x4 4x6 6x6 6x8 4 6 
i MN M I MM A Miti i a Mea не 
Close 
Soft, sandy, or filled......... 3x4or2x6 sheeting 4x6 E! 4x4 4x6 6x6 6x8 8x8 4 6 
Close 
Hydrostatic pressure. ....... 3x4or2x6 sheeting 6x8 4 4x4 4x6 6x6 6x8 8x8 2 6 
ңол РРА з ee 
ТО ОТО Не T E eee 3x4or2r6 4 4x6 4 4x4 4x6 6x6 6x8 8x8 4 6 
________-__-----_-_- --___________________________________________________________________________ MM o M M LEM i. Ala End. aM aL 
Likely to crack.............. 3x4or2x6 2 4x6 4 4x4 4x6 6x6 6x8 8x8 
wo ee ee ee eee ee ee ee aa =” 
Clese 
Soft, sandy, or filed. ........ 3x4or2x6 sheeting 4x6 4 4x6 6x6 6x8 8x8 8х 10 4 6 
Close 
Hydrostatic pressure........ 9x6  sheeting 8 x 10 4 4x6 6x6 6x8 8x8 8x 10 4 6 
А Close 
15 to 20 Allkinds or conditions. ..... 3x6 sheeting 4x12 4 4x12 6x8 8x8 8x 10 10 x 10 4 0 
Close 
Over 20 All kinds or conditions. ..... 9x6  sheeting 6x8 224 4112 8x8 8x 10 10x 10 10 x 12 4 8 


1 Trench jacks may be used іп lieu of, ог in combination with, cross braces. 
Shoring is not required in solid rock, hard shale, or hard slag. 
Where desirable, steel sheet piling and bracing of equal strength may be substituted for wood. 


National Safety Council 
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6. Trenches /ess than 5 feet deep in ground 
where hazardous conditions exist (loose sand, 
wet soil, old fill, etc.) must also be shored 
or sloped to the angle of repose of the soil 
(Figure 2-5). 

7. Portable trench boxes (Figure 2-8) or slid- 
ing trench shields may be used instead of shor- 
ing or sloping the trench if they provide equal or 
better protection compared to shoring. 

8. All trench shoring must be done with good 
quality material free from defects. 

9. All trench shoring and portable trench 
boxes should be designed by a qualified person. 

10. When working in trenches more than 4 
feet deep, a ladder must be provided for entering 
or leaving the trench at every 25 feet of trench. 

11. All slopes, shoring, and grading should be 
inspected daily and after every rainstorm. 

12. Never work alone in a trench and when 
working with others, work at a safe distance 
from the next worker to prevent injuring one 
another. 


Figure 2-7. A technique of using screw jacks with an exam- 
ple of complete sheet piling. (National Safety Council) 


ANGLE IRON 
REINFORCEMENT 


ANGLE IRON BRACING 


SHEET STEEL 


Figure 2-8. A portable trench box for use in trench excava- 
tions instead of shoring. The box is constructed of steel plate 
with angle iron bracing. The eyes on the ends of the box are 
for attaching chains so that the excavating machinery may 
move the box down the trench. 
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Ladder Safety 


` 

The ladder is a very useful tool for a plumber to 
work from while doing work that cannot be 
reached from the floor or ground level. At other 
times the plumber will need a ladder to get onto 
a roof, down into a ditch, or to get from one level 
of a building to another when no other means is 
available. However, the careless use of a ladder 
can result in a serious injury from falling. 

Some basic rules for safe ladder use are as 
follows: 


. Inspect ladders n, 
я ; қ 10 " pi broke Figure 2-9. All portable ladders should have safety feet that аге 


ils. Remove lad- not worn. (National Safety Council) 
ders with these defects from the job site because 


as long as they are on the job there is a chance 
they will be used. 

2. Never paint a wooden ladder because 
paint can hide cracks and splits in the rungs and 
side rails. 

3. All portable ladders should have safety feet 
(Figure 2-9). 

4. When using a ladder, be sure that the 
bottom rests on solid footing so that it cannot 
slip. 

5. Do not slant the ladder at such an acute 
angle that the weight of your body will pull the 
top of the ladder away from the wall. The dis-- 

tance from the base of the ladder to the wall. 
. should equal one-fourth the distance to the top sup- 
port (Figure 2-10). 
6. Keep the ladder steps and your feet free- 
| ттт Бет» 

7. Face the ladder when going up or down 
and grip with both hands. 

8. Keep ladders out of passageways, door- 
ways, and driveways unless they are protected 
by barricades. 

9. Tie or block portable ladders to prevent 
them from moving while they are being used. 

10. Ladders used for going from one floor or 
landing to another must extend at least 36 inches - 
-above the next landing (Figure 2-11). 

11. Use a ladder of the proper length for the / | 
job—neither too long or too short. Never stand . JIH 

3 | lian. for Fi 2-10 a WO isda th ti M vg d should 
the work being performed. If itis too close or too à ымы M MAE LL е 


be one-fourth the distance to the top support away from the 
far from the work, move it. Most falls from building. 


4.4. CE 
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LADDER INSPECTION CHECKLIST 


General Item To Be Checked 


1 Loose steps or rungs (considered loose if they can be 
moved at all with the hand) ` 

1 Loose nails, screws, bolts, or other metal parts 

1 Cracked, split, or broken uprights, braces, steps, 
or rungs 

] Slivers on uprights, rungs, or steps 

П Damaged or worn nonslip bases 


36-42 INCHES 


Stepladders 


1 Wobbly (from side strain) 

П Loose or bent hinge spreaders 

0 Stop on hinge spreaders broken 
0 Broken, split, or worn steps 

| Loose hinges 


Extension Ladders 


| Loose, broken, or missing extension locks 

l Defective locks that do not seat properly 
when the ladder is extended 

1 Deterioration of rope, from exposure to acid 


or other destructive agents SIDE RAIL 
Ы Уу 2х4 to 16 FEET 
Trolley Ladders ГЄ | 2x6 OVER 16 FEET 
Worn or missing tires 
1 Wheels that bind 
1 Floor wheel brackets broken or loose 
] Floor wheels and brackets missing 


1 
1 Ladders binding in guides | 
1 Ladder and rail stops broken, loose, or missing BASE OF STRUCTURE 


1 Rail supports broken or section of rail missing 
] Trolley wheels out of adjustment 


Figure 2-11. A 1:4 ratio is used when setting ladders against 
buildings. Sturdy structural lumber is used in the construction 
] Loose hinges of cleat ladders. (National Safety Council) 

| Wobbly 

| Loose or bent hinge spreaders 

| Stop on hinge spreader broken 

| Center section guide for extension out of alignment 

| Defective locks for extension 


Trestle Ladders 


КО спа! Ladders ladders are caused by loss of balance. Avoid 
overreaching with your arms either above your- 
| Worn or loose metal parts 
| Wobbly self or too far to one side. 
| 13. Be sure that stepladders are fully opened 
Fixed Ladders and locked before climbing them. 
| Loose, worn, or damaged rungs or side rails 14. If a stepladder has a pail or tool shelf, use 
| ро 4 ЛО. Хаи à cage nm! it as such—it is not a step. Remove tools and 
orroded bolts and rivet heads on inside of metal stacks l ; Е 
Damaged or corroded handrails or brackets on platforms materials from this shelf before attempting to 
Weakened or damaged rungs on brick or concrete slabs move the ladder. They could fall on you! 
Base of ladder obstructed 15. Never allow more than.one person to work 
ET | айе on a ladder unless the ladder was designed to 


ШЕЕ carry two people. 
| o legible 16. Do not use ladders in the horizontal posi- 
Improperly stored d | | 
Storage. obstructed tion as planks, runways, or scaffolding. 


17. If itis necessary to use a job-built ladder, it 
should be built of good quality lumber and as 
shown in Figure 2-11. 


Scaffolding Safety 


Plumbers quite frequently find it necessary to 
work from scaffolding to erect their piping in 
ceiling areas. Scaffolds are handier than ladders 
because scaffolds can be safely erected to 
heights that are impractical to reach from lad- 
ders. There is a platform at the working level 
where tools and fittings can be kept close at 
hand, and more than one person at a time can 
safely work on а scaffold platform. 


your — keep your balance, ane handle your 
tools and equipment carefully. 

The majority of a plumber’s work from scaf- 
folding will be done from tubular steel scaffold- 


ing; this scaffolding often has wheels for easy 


.movement along the length of the pipe line(s) 
being installed. Steel scaffolds can be built to 


any height and are adaptable to all types of job 
conditions. These scaffolds can be purchased or 


‚rented and the supplying companies give techni- 


cal services on needs and types best suited for 
each job or condition. 

The type usually used for low heights is made 
up of prefabricated frames and cross braces. (See 
Figure 2-12.) 

A factor of safety of not less than four times 
the load is required. Care must be used in the 
erection of the scaffold so that it rests on a firm 
base and is kept plumb and level as it is assem- 
bled. It must be inspected daily. Care must be 
taken to keep the frames from damage or from 
rusting so that they do not lose part of their 
design strength. Safety rules for metal scaffold- 
ing, recommended by the Steel Scaffolding and 
Shoring Institute, are shown on page 25. 


Figure 2-12. Prefabricated metal frames and diagonal braces 
are assembled quickly to provide safe scaffolds. 
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additional safety and precautionary measures to cover usual or unusual conditions. 


и 
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SCAFFOLDING SAFETY RULES 


as Recommended by 


SCAFFOLDING AND SHORING INSTITUTE 
(SEE SEPARATE SHORING SAFETY RULES) 


Following are some common sense rules designed to promote safety in the use of steel scaffolding. These rules 
are illustrative and suggestive only, and are intended to deal only with some of the many practices and conditions 
encountered in the use of scaffolding. The rules do not purport to be all-inclusive or to supplant or replace other 


They are not intended to con- 


flict with, or supersede, any state, local, or federal statute or regulation; reference to such specific provisions 


should be made by the user. 
I. 


II. 
III. 


(See Rule II.) 


POST THESE SCAFFOLDING SAFETY RULES in a conspicuous place and be sure that 
all persons who erect, dismantle or use scaffolding are aware of them. 


FOLLOW ALL STATE, LOCAL AND FEDERAL CODES, ORDINANCES AND REGULA- 


TIONS pertaining to scaffolding. 


INSPECT ALL EQUIPMENT BEFORE USING—Never use any equipment that is damaged 


or deteriorated in any way. 


KEEP ALL EQUIPMENT IN GOOD REPAIR. Avoid using rusted equipment—the strength 


of rusted equipment is not known. 


INSPECT ERECTED SCAFFOLDS REGULARLY to be sure that they are maintained in 


safe condition. 


CONSULT YOUR SCAFFOLDING SUPPLIER WHEN IN DOUBT—scaffolding is his busi- 


ness, NEVER TAKE CHANCES. 


PROVIDE ADEQUATE SILLS for scaffeld posts 
and use base plates. 


USE instead of blocking 


to adjust E ING iai conditions. 
P ALL SCAFFOLDS as the 


er ceeds. ot force braces to fit—level 
the scaffold until proper fit can be made easily. 


DO NOT CLIMB CROSS BRACES. An aceons 
(climbing) ladder, access steps, frame designed to 
be climbed or equivalent safe access to the scaffold 
shall be used. 


ON WALL SCAFFOLDS PLACE AND MAIN- 
TAIN securely between structure and 
scaffo east every - У 


WHEN SCAFFOLDS ARE TO BE PARTIALLY 
OR FULLY ENCLOSED, specific precautions must 
be taken to assure frequency and adequacy of ties 
attaching the scaffolding to the building due to in- 
creased load conditions resulting from effects of 
wind and weather. Тһе scaffolding components to 
which the ties are attached must also be checked 
for additional loads. 

FREE STANDING SCAFFOLD TOWERS MUST 
BE 1 
or other means. 

EQUIP ALL PLANKED OR STAGED AREAS 
with 1 1 

along ides and ends of scaffold platforms. 
POWER LINES NEAR SCAFFOLDS are danger- 
ous—use caution and consult the power service 
company for advice. 

DO NOT USE ladders or makeshift devices on top 
of scaffolds to increase the height. 


DO NOT OVERLOAD SCAFFOLDS. 


1. Use only lumber that is properly inspected and 
graded as scaffold plank. 

2. Planking shall have at least 12" of overlap and 
extend 6" beyond center of support, or be 
cleated at both ends to prevent sliding off 
supports. 

3. Fabricated scaffold planks and platforms unless 
cleated or restrained by hooks shall 


when necessary. 


М. 


FOR ROLLING SCAFFOLD THE FOLLOWING 

ADDITIONAL RULES APPLY: 

1. DO NOT RIDE ROLLING SCAFFOLDS. 

2. SECURE OR REMOVE ALL MATERIAL AND 
EQUIPMENT from platform before moving 
scaffold. 

3. CASTER BRAKES MUST BE APPLIED at all 
times when scaffolds are not being moved. 

4. CASTERS WITH PLAIN STEMS shall be at- 
tached to the panel or adjustment screw by 
pins or other suitable means. 

5. DO NOT ATTEMPT TO MOVE A ROLLING 
SCAFFOLD WITHOUT SUFFICIENT HELP— 
watch out for holes in floor and overhead 
obstructions. 

6. DO NOT EXTEND ADJUSTING SCREWS ON 
ROLLING SCAFFOLDS MORE THAN 12". 

7. USE HORIZONTAL DIAGONAL BRACING 
near the bottom and at 20' intervals measured 
from the rolling surface. 

8. DO NOT USE BRACKETS ON ROLLING 
SCAFFOLDS without consideration of over- 
turning effect. 

о. THE WORKING PLATFORM HEIGHT OF A 
ROLLING SCAFFOLD must not exceed four 
times the smallest base dimension unless guyed 
or otherwise stabilized. 

For "PUTLOGS" and "TRUSSES" the following 

additional rules apply. 

1. DO NOT CANTILEVER OR EXTEND PUT- 
LOGS/TRUSSES ав side brackets without 
thorough consideration for loads to be applied. 

2. PUTLOGS/TRUSSES SHOULD EXTEND AT 
LEAST 6" beyond point of support. 

3. PLACE PROPER BRACING BETWEEN PUT- 
LOGS/TRUSSES when the span of putlog/truss 
is more than 12”. 

ALL BRACKETS shall be seated correctly with side 

brackets parallel to the frames and end brackets at 

90 degrees to the frames. Brackets shall not be 

bent or twisted from normal position. Brackets 

(except mobile brackets designed to carry materi- 

als) are to be used as work platforms only and 

shall not be used for storage of material or equip- 
ment. 

ALL SCAFFOLDING ACCESSORIES shall be 

used and installed in accordance with the manu- 

facturers recommended procedure. Accessories 
shall not be altered іп the field. Scaffolds, frames 
and their components, manufactured by different 
companies shall not be intermixed. 
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Rolling steel scaffolds should be equipped 
with large, strong wheels provided with locking 
devices. Never move a rolling scaffold while 
workers are on the scaffold. Always clean the 
floor ahead of the move so that the wheels will 
not be blocked by an obstruction that might 
cause the scaffold to tip over. All planks on 
rolling scaffolds should be securely fastened so 
they cannot slide off while the scaffolds are 
moved. 


Oxyacetylene Welding and Cutting Safety 


The oxyacetylene torch is found on almost all 
large construction jobs and is a very useful tool. 
However, if care is not taken in storage and 
movement of the oxygen and acetylene cylin- 
ders, they are potential fire and explosion haz- 
ards. The careless use of the welding and cutting 
attachments could cause fires and burns. 

1. Store cylinders in an upright position in an 
area away from extreme heat, fire hazards, and 
traffic. Chain or rope the cylinders to a column or 
wall to keep them from tipping. The acetylene 
cylinder must always be in an upright position 
except when it is being moved. 

2. [he cylinder cap should always be on a 
tank when it is being stored or being moved 
(whether empty or full) unless it is on the welding 
cart. 


Figure 2-13. The correct way to move a cylinder is by rolling it 
along the bottom edge. 


always 
replace 


3. Never move a cylinder by dragging, slid- 
ing, or rolling it on its side. Avoid striking it 
against any object that might create a spark. 
There may be just enough gas escaping to cause 
an explosion. To move a cylinder, roll it on its 
bottom edge. (See Figure 2-13.) 

4. When in use, the cylinders should be on a 
suitable welding cart or chained or tied off in 
such a way that they cannot fall (Figure 2-14). 

5. Inspect all hoses, regulators, tips, and 


Secure 
upright- _ 
away from 
heat | 


BE SURE tanks daily for obvious defects. Do not attempt to 
National А use faulty equipment. Get it fixed. No attempt 
и you KNOW what's should ever be made to repair cylinder valves. If 

in the cylinder the valves do not function properly, or if they 


BEFORE YOU USE IT leak, the supplier should be notified. 
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6. Blow the cylinder valve out (open the valve 
quickly and then close it) to remove any dirt 
before attaching the regulators. 

7. Release the regulator adjusting screws 
before opening the cylinder valves. 

8. Open the valves slowly after the regulators 
are attached and stand to the side of the regula- 
tor. 

9. Do not use oil on the regulators or fittings. 
Oxygen plus oil equals an explosion! 

10. Purge the oxygen and acetylene hoses 
separately before lighting the torch. 

11. Never use acetylene gas in the free state at 
more than 15 pounds pressure. An explosion 
could result! 

12. Oxygen shouid never be used as a substi- 
tute for compressed air to operate pneumatic 
tools, blow out pipe lines, or dust off clothing. A 
serious accident may result. 


Figure 2-14. Welding cylinders should be secured to prevent 
them from tipping. 


Figure 2-15. Always use a friction lighter when lighting a welding 
torch. 


13. Light the torch with only the acetylene gas 
turned on. 

14. Light the torch only with a friction lighter 
(Figure 2-15). Do not use matches on hot surfaces 
to light the torch. 

15. The cylinders should be turned on only 
when they are in use. 

16. Always wear the proper gloves and weld- 
ing goggles when doing any cutting or welding. 

17. Keep the welding area clear of any debris 
that could catch on fire. 

18. Always have a fire extinguisher at hand 
when welding or cutting. 


[s] REVIEW QUESTIONS 


1. What is your responsibility as an apprentice 
for safety on the job site? 

2. What does "safety conscious" mean? 

3. Give the basic purpose or purposes of 
OSHA (Occupational Safety and Health Act of 
1971). 

4. Write in your own words five important 
general safety regulations governing construc- 
tion work. 


6. Describe or draw a mushroom head on a 
chisel. Describe or draw a safe head on a chisel. 
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7. How do you safely add lead to a lead fur- 
nace on a frosty, snowy, or wet day? | 

8. What is meant by a "UL approved" power 
tool? 

9. Explain these terms connected with trench- 
work in plumbing: angle of repose; spoil; tight 
sheeting; trench shield. 

10. What provision is required when entering 
or leaving trenches more than 4 feet deep? At 
what intervals (distance apart) must this provi- 
sion be made? 
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^ 13. Name the chief hazards of working on 


scaffolds. 
14. Give the following safety rules for han- 
dling oxygen and acetylene cylinders: 


a. 
b. how to move them; 

ex 

d. opening the cylinder valve for use after the 


how to store them; 
the steps in attaching a regulator; 


regulator is attached; 


. how to light the torch by the approved 


method. 


The three plumbing systems of a building 
described in Chapter 1 (the Potable Water Sup- 
ply System, the Sanitary Drainage and Vent Pip- 
ing System, and the Storm Water Drainage Sys- 
em) are constructed by plumbers using pipe, 
fittings, valves, and meters. It is the purpose of 
this chapter to present to the apprentice some of 
the more common pipe and fitting materials, as 
well as plumbing valves and meters, and to 
describe the uses of these various materials. 

The materials that this text will consider for 
plumbing pipes and fittings are classified into 
four basic groups: 


1. Cast iron soil pipe and fittings; 

2. Galvanized steel pipe and fittings; 

3. Copper tubing with solder joint and flare 
joint fittings; 

4. Plastic pipe and fittings. 


Before going into further detail on these mate- 
rials, the apprentice must understand that the 
local plumbing code for his area will specify the 
type of piping material that may be used for each 
particular piping system. Local plumbing codes 
take into consideration such local conditions as 


CHAPTER 


Plumbing 
Materials 


soil types, ground conditions, local rainfall, and 
frost or freezing conditions, all of which can 
affect the choice of a piping material. For this 


code-appro 


о CAST IRON SOIL РІРЕ 
AND FITTINGS 


- both strong and corrosion resistant. The corro- 


sion resistance of cast iron soil pipe is derived 
from the metallurgical structure of grey cast 
iron. During the solidification of the molten cast 
iron, large graphite flakes form within the pipe 
and fitting walls to serve as an insulation against 
corrosion. 

After casting, the soil pipe and fittings are 
coated with coal tar pitch to prevent rust during 
storage and use, and to improve their appear- 

nce. 
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To ensure a uniform wall thickness, cast iron 
soil pipe is centrifugally cast. In this process, 
molten cast iron is poured into a spinning pipe 
mold, and centrifugal force causes it to form on 
the sides of the mold where it solidifies to the 
pipe shape. This method of casting ensures a 
straight length of soil pipe with a smooth interior 
surface. 

Cast iron soil pipe fittings are cast in perma- 
nent metal molds to produce fittings with a 
uniform wall thickness. 

Cast iron soil pipe and fittings have the advan- 
tage of being made of a strong material. They 
neither leak nor absorb water; they are economi- 
cal and are easily cut and joined, in addition to 
being corrosion resistant. 


available Decau 
YT MIATOr СЇ! ainina tnrou 
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Dip 2 а һеауу та , which has a 
low tensile strength, and if treated roughly the 


either the pattern shown in Fig- 
ure 3-1 or the hubless o attern shown 


in Figure 3-2. 


Bell and Spigot Cast Iron Soil Pipe 
and Fittings 


together. (See Figure 3-1.) The space between 
the hub and the plain end of the pipe or fitting i 


Joining methods are describe 
Cast iron soil pipe, as pictured at the top of 
Figure 3-1, is cast in 5-foot and 10-foot lengths 
of single hub pipe (pipe with a hub on only one 
end) and 30-inch lengths and 5-foot lengths of 
double hub pipe (pipe with a hub on each end to 
minimize waste in cutting short pieces). 
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TYLER 


SIZE Due 3" Д 5" 6" 8" 10" 124 15" 


SV WTS. 20 30 40 52 65 100 145 190 255 


DOUBLE HUB, 5' LENGTHS 


EIGHTH BEND LONG EIGHTH BEND SIXTH BEND 


D 


STACK 
BASE FITTING 


CLEANOUT TEE 
WITH BTS ON CO OPENING 


CLOSET BEND 


TYGER 


SINGLE HUB, 10‘ LENGTHS 


SV 
SIZE WTS. 
2^ 38 
шта Ы 2 DOUBLE HUB, 30” LENGTHS 
EE o5 (25" LAYING LENGTHS) 
4" 75 у Sv) m 
5" 98 SIZE WTS. 
722777777777 a | n 
8" 185 3" 17 
10” 270 4" 23 
12” 355 
15” 475 
COMBINATION Y 
SIXTEENTH BEND QUARTER BEND LONG SWEEP BEND Y AND EIGHTH BEND 
coop nme 1] Я 
TYLER 
А 
SANITARY 
TEE TAPPED TEE REDUCER ADAPTER PIPE PLUG 


na) aaa 
TYLER 
TYLER | 


CLOSET FLANGE 
FLOOR DRAIN | 
PUR ЖЕ... P-TRAP 
Ga | 
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Figure 3-1. Bell and spigot cast iron soil pipe fittings. (Tyler Pipe) 
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NO-HUB PIPE, TEN-FOOT LENGTHS 


SIZE 1-0 2 3 4 5 6 8 10 
WT. PER | | 
10' 27 38 54 74 95 118 180 262 
1/4 BEND LONG SWEEP 1/6 BEND LONG 1/8 BEND 


COMBINATION 


1/16 BEND 1/8 BEND SAN TEE 


N 


АЕ 


CLOSET FLANGE 


TAP SHORT 
1/4 BEND TAP SAN TEE TAP EXTENSION PIECE TAP ADAPTER (SLOT & NOTCH) 
С) 
© = 


НОВ ADAPTER TEST TEE LESS PLUG BLIND PLUG P TRAP 
; ? 
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Figure 3-2. No-hub cast iron soil pipe and fittings. (Tyler Pipe) 


SHORT REDUCER 


Bell and spigot soil pipe and fittings are cast in 
a wall thickness designated as a service weight 
in sizes from 2 inch to 15 inch inside diameter. 
Bell and spigot soil pipe was also available in 
a wall thickness designated as extra heavy. At 
the time when both wall thicknesses (weights) 
of soil pipe were manufactured, the cast iron 
pipe industry adopted a practice of marking pipe 
and fittings with raised letters or paint as a way 


to identify the different ШЕШЕ Extra heavy pipe 


As you can see, many types of bell and spigot 
fittings and no-hub fittings are available for cast 
iron soil pipe. Even though the pipe and fittings are 
strong, they must not be treated roughly, or they 
may crack due to poor tensile strength. The 
plumber must take the application into considera- 
tion before determining the type of pipe to be 
used in a given job. 

Although service weight and extra heavy soil 
pipe and fittings are identical in appearance, 


they are not interchangeable within a piping. 


system due to the difference in outside diame- 


ters. of the pipe and fittings. Service weight pipe. 


are 


No-Hub Soil Pipe and Fittings 

No-hub soil pipe and fittings were devised 
by the cast iron soil pipe industry to enable them 
to compete with a faster method of joining the 


pipe and ALTOS, No-hub.piperandetittings ( Шеше 


steel band А ith screw clamps which are zumi 
ened over 'the neoprene gasket as detailed in 
Chapter 5. 

No-hub soil pipe and fittings are cast in sizes 
from 11/2-іпсһ to 10-inch inside diameter. Тһе 
pipe is cast in 10-foot lengths. 

The apprentice will find in the sizes and 


weights information given in Figure 3-2 that the 
weight of a 10-foot length of 4-inch no-hub pipe 
is 74 pounds. Referring back to Figure 3-1, 
notice that the weight of single hub, 10-foot 
length of SV (service weight), 4-inch pipe is 75 
pounds. From this comparison it should be evi- 
dent that the wall thicknesses (and outside diam- 


eters) of service weight soil pipe and no-hub soil 


uum; ur RP 
‘Uses of Cast Iron Soil Pipe and Fittings. 


Both bell and spigot and no-hub cast iron soil 
pipe and fittings are used above and below 
ground to pipe sanitary drainage, vent, and 
storm water drainage pipes. 


GALVANIZED STEEL 
PIPE AND FITTINGS 


Galvanized steel pipe is relatively inexpensive, 
strong, and rugged and is not easily damaged by 
rough handling. It is made from mild carbon steel 
as either welded pipe or seamless pipe. It resists 
shock and stress. 

Welded pipe, which is also called butt welded 
and continuous weld pipe, is made by drawing 
flat strips of steel through a die to form the round 
shape and then electric butt-welding down the 
seam. Welded pipe is normally manufactured in 
21-foot lengths. 

Seamless pipe is made by piercing a red hot, 
solid, cylindrical billet of steel with a series of 
mandrels while passing the metal through rollers. 
Seamless pipe is commonly manufactured in 21- 
foot lengths, although random lengths ranging 
from 16 feet to 48 feet are available. 

Unprotected steel pipe rusts almost immedi- 
ately upon exposure to the atmosphere and 


moisture. To protect the pipe, all steel pipe used 


—by plumbers must have a protective coating. The 


method used most often to protect plumbing 
pipe is called hot-dip. galvanizing. In this pro- 
cess, steel pipe is cleaned and then dipped іп а 


The galvanized steel pipe used by plumbers is 
available in sizes (called nominal pipe sizes) 
from 1/в inch to 12 inch, in several different wall 


thicknesses. Nominal pipe size, which is also 


іре si 
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TABLE 3-1. GALVANIZED STEEL PIPE DATA 


A SCHEDULE 40 — SCHEDULE. 80 | 
(standard. wall) _ (extra strong. wall) 
.NOMINAL. | | | 

PIPE | WALL INSIDE WALL | INSIDE 
Ше | E THICKNESS. DIAMETER THICKNESS DIAMETER 
(INCHES) (INCHES) | (INCHES) (INCHES) (INCHES) (INCHES) 

ys | 405 | .068 269 | .095 215 

1/4 | .540 | .088 .364 ‚119 | .302 

3/8 | ‚675 ‚091 493 (1% 423 

1/2 | .840 | .109 .622 ‚147 | 546 

3/4 | 1.00 — 13 824 | .154 | 742 

| | 1.315 | .133 1.049 |21179 .957 

11/4 | 1.660 2221140 1.380 | 191. 1.278 

172 | 1.900 | „145 1.610 |. .200 1.500 

2 2.375 222154 2.067 2221218 1.939 

21/5 2.875 | 203 2.469 | 276 2.323 

3 3.500 .216 3.068 .300: | 2.900 

31/5 4.000 | .226 3.548 ‚318 3.364 

4 4.500 1237 4.026 | .337 3.826 

5 | 5.563 .258 5.047 .375 | 4.813 

6 | 6.625 .280 6.065 .432 5.761 

8 8.625 | .322 7.981 .500 7.625 

10 10.750 | .365 10.020 ‚500 (xs) 9.750 

12 12.750 375 (std) 12.000 .500 (xs) 11.750 

| .406 (sch 40) 11.938 
jr "ne co АСИ — Таг. 4 z | ———- m ERE 
closest to | There are eighteen 


nominal pipe sizes from '/s inch to 12 inch as 
listed in Table 3-1. 

The terms used by the pipe industry to de- 
scribe the different wall thicknesses of galva- 


nized steel pipes are standard wall, extra stron 
schedule n edule 80 also used to 
ТЕЛІ ТТГ ШТІ а. The terms 


are somewhat interchangeable in that through 
10-inch size pipe, schedule 40 pipe and standard 
wall pipe have the same wall thickness. Sched- 
ule 80 pipe and extra strong wall pipe are iden- 
tical through 8-inch size. Virtually all of the gal- 
vanized steel pipe installed by plumbers is 
schedule 40 or standard wall thickness. 


Table 3-1 also lists the actual outside diameter 
(OD) of each size of galvanized steel pipe as well 
as the actual inside diameter (ID) for both sched- 
ule 40 and schedule 80 wall thicknesses. The 


apprentice will notice on this table that the 
| | | in any given size of 
pipe for both schedule 40 and schedule 80 wall 


thickness pipe, so that th | itti 


een See 
e galvanized steel pipe used by plumbers is 


joined by either a threaded joint or a grooved joint. 
Pipe to be used with threaded joints has threads 
on both ends and a coupling threaded onto one 
end. Pipe supplied in this manner is called thread 
and coupling (T and C). Pipe to be used with 
grooved joints has grooves on both ends. It is 
called grooved end pipe. Galvanized steel pipe is 
also available without either threads or a groove 
on the pipe, and this pipe is called plain end. 
Galvanized steel pipe cuts and threads easi- 
ly, although this method of joining (because it 
is somewhat slower in terms of installation time 
than the joining method of other piping materi- 
als) tends to be a rather expensive piping 


method. To eliminate some of the labor costs 
associated with cutting and threading galvan- 
ized steel pipe, plumbing contractors purchase 
short lengths of pipe with a thread on each end 
called nipples. These nipples vary in length from 
close (nipples that are virtually all thread) up to 
6 inches in length (in ‘/2-inch increments). Nip- 
ples are also available in 1-inch increments from 
7 to 12 inches in length. 

Uses of Threaded Galvanized Steel Pipe. 
Galvanized steel pipe is used only above ground 
with the appropriate threaded fittings for vent 
piping, sanitary and storm drainage piping, and 
potable water supply piping. The threaded fit- 
tings used to pipe each of these piping systems 
are: 

1. For vent piping — standard cast iron 

threaded fittings, 

2. For sanitary and storm drainage piping — 

cast iron recessed drainage fittings, 

3. For water supply piping — galvanized mal- 

leable iron fittings. 


Standard Cast Iron Threaded Fittings 


Standard cast iron threaded fittings (see Fig- 
ure 3-3) are cast from grey cast iron in sand 
molds. They are a very economical fitting, but 
they are very brittle and may have imperfections 
called sand holes because of the way they are 
cast. The standard cast iron fittings are used by 
plumbers on vent piping in 1'/4-inch to 8-inch 
sizes. They are available with either a plain, 
uncoated finish (referred to as black) or with a 
galvanized iron coating. However, black fittings 
are most commonly used on vent piping. 


Cast Iron Recessed Drainage Fittings 


These fittings are also cast from grey cast iron 
in sand molds. These drainage fittings (Figure 
3-4) are cast with a recessed shoulder to provide 
a smooth interior surface so that when properly 
installed there is no obstruction to the flow of 
waste material through the pipe. Figure 3-5 illus- 
trates а sectional view of a cast iron recessed 
drainage elbow with the threaded joint properly 
installed. 

Another feature of these drainage fittings is 
that 90? elbows (ells), short pattern tees (Ts), and 
long sweep tee-wyes (T-Ys) (Figure 3-4) have the 


90° ELBOW 


REDUCING 
TEE 


bor qd CAP 


PLUG 
Figure 3-3. Standard cast iron threaded fittings. 


threads tapped at a slight angle so that a hori- 
zontal drainage pipe will be pitched at 7/4 inch 
per foot. 

Cast iron recessed drainage fittings are availa- 
ble іп 1'/s-inch to 12-inch sizes for use on 
sanitary drainage and storm drainage piping. 
The fittings are available with either a black 
tarred coating (which is most commonly used) or 
a galvanized iron coating. 

Another name sometimes used for cast iron 
recessed drainage fittings is Durham fittings, in 
honor of the Durham brothers who developed 
this piping system in New York City about 1880. 
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Figure 3-4. Cast iron recessed drainage or Durham fittings. (Stockham) 


Galvanized Malleable Iron Fittings 


Galvanized malleable. iron fittings (Figure 3-6) 


are cast from ordinary grey cast iron in a foundry 
mold, but they are control cooled (heat treated) 
over a 72-hour period. This controlled cooling 
produces a change in the grain structure of the 
iron that makes it a tough, elastic material. These 
fittings, which plumbers use for water supply 
piping in 3/s-inch to 6-inch sizes, are then given a 
protective galvanized coating. Malleable fittings 
must never be reheated and/or welded or they 
revert back to ordinary grey cast iron fittings. 


Galvanized Grooved Joint Fittings 


The grooved joint system is commonly used 
by plumbers to pipe large diameter galvanized 
pipe and fittings above ground for water supply 
and distribution systems. The grooved piping 
method has several advantages: | 

1. It is easier and faster to install than thread- 

ed pipe and fittings. 

2. It has proved more reliable than threaded 

pipe systems. 
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SHORT PATTERN T-Y LONG SWEEP WYE 
90° ELBOW 


SHORT PATTERN 
90% ELBOW 


25: 24 


LONG SWEEP T-Y 


TRAP STREET 45° ELBOW STREET 90° ELBOW 
CLEANOUT 


3. It is less expensive to install than other piping 

materials. 

Grooved joint fittings (Figure 3-7) are cast of 
malleable or ductile iron and have either an 
enamel paint finish or a galvanized steel coating. 
The fittings used for water piping usually have 
the galvanized steel coating. Although grooved 
joint fittings are available in %/4-inch to 24-inch 
pipe sizes, plumbers normally use the fittings in 
sizes from 21/2 inch to 12 inch.. 


Figure 3-5. A sectional view through a cast iron recessed 
drainage elbow with the threaded joint properly installed. 
(Stockham) 


90° REDUCING ELBOW 90° STREET ELBOW 
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Figure 3-6. Galvanized malleable iron fittings. 


90? ELBOW 


COUPLING OUTLET COUPLING 


Figure 3-7. Galvanized grooved joint fittings are easier to install 
than threaded fittings. (Victaulic Company of America) 
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(9) COPPER TUBING, 
SOLDER JOINT, AND. 
FLARE JOINT FITTINGS 


Copper tubing, which is manufactured from 
99.996 pure copper, is made by drawing a heated 
billet of copper through a die while a piercing 
rod or ball passes through the middle of the 
billet to draw out the copper tubing to the 
required diameter and wall thickness. 

The copper tubing used by plumbers is re- 


copper tubing has the heaviest wall thickness 
and type DWV has the thinnest wall. 
All four of these types of copper plumbing 


tubing have the same outside diameter which is 


(which refers to the actual inside diameter). 
That is, 1/2-іпсһ copper tubing has an actual 
outside diameter of 5/s inch; Y4-inch has ап 
outside diameter of 7/s inch; etc. Table 3-2 lists 
the sizes and weights of tube which are available 
in 1/4-іпсһ to 12-inch sizes. 


ferred to by the copper industry as plumbing Copper plumbing tube is available in either 
tube. | | drawn or annealed tempers. Drawn copper tub- 
ing is called hard copper by the trade, while 


t). Type K 


TABLE 3-24: SIZES .AND..WEIGHTS ОР COPPER- PLUMBING. TUBE 


INSIDE С 
DIAMETER 


(INCHES) 


. POUNDS PER 
LINEAR FOOT* 


(INCHES) 


ШЕ. 


(INCHES) 

Type Туре Туре Туре Туре Туре Туре 

К L M K L M 
un 3058) 215 | 148 106 DONE 
3/g 402 .4307 .450 --- |.049 .035 .025 —— 269 198 705 = 
1/2 527 545 569 --- |.049 .040 .028  —— 344 9855 204 == 
5/g 652 .666 .690 ——— |.049 .042 .030 —— 448 362 200 — 
3/4 1745 .785 .811 --- |.065 .045 .032  —— .641 455. 8025 == 
1 995 1025 1.055 -- | (65 050 035 --- 8309 55 .465 — S 
11/4 1.245 1.265 1.291 1.295 |.065 .055 .042  .040 1.04 .884 .682 .650 
11/2 1.481 1.505 1.527 1.541 .072 .060 .049 .042 1.86 1.14 .940 .809 
2 1.959 1.985 2.009 2.041.083 .070 .058 .042 2.00 175 146 1.07 
21/2 2.435 2.465 2.495 —— |.095 .080 0685 — 2.93 248 202 Шш 
3 2.907 2.945 2.981 3.035 .109 .090 .072  .045 4.00 3.33 2.68 1.69 
31/2 3.385 3.425 3.459 — — |.120 .100 .083 —— 5.12 4.29 358 -= 
4 3.857 3.905 3.935 4.009 .134 .110 .095 .058 6.51 5.38 4.66 2.87 
5 4.805 4.875 4.907 4.981 .160 .125 .109 .072 9.67 7.61 6.66 4.43 
6 5.741 5.845 5.881 5.959 .192 .140 .122  .083 139 102 8.92 6.10 
8 7.583 7725 7.785 7907 | 277 .200 70 .109 25.9 19.3 16.5 10.6 
10 9.449 9.625 9.701 —— |.338 220 22 ЕЕЕ 40.3 3011 235 m жа 
12 ШӘ: ——— | 405 ова == 57.8 404 367 — 


11.315 11.565 


*Slight variations from these weights must be expected in practice. 
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TABLE 3-3. COMMERCIALLY AVAILABLE LENGTHS OF COPPER PLUMBING TUBE 


DRAWN | 
TUBE (hard copper) 


Type K Straight Lengths: 

Up to 8-inch diameter 20 ft 
10-inch diameter 18 ft 
12-inch diameter 

Type L Straight Lengths: 
Up to 10-inch diameter 20 ft 
12-inch diameter 
Type M Straight Lengths: 
All diameters 20 ft 
DWV Straight Lengths: 
All diameters 20 ft 


Copper Development Association, Inc. 


L, M, and DWV hard copper tubing are available 
in straight lengths usually 20 feet long. Soft 
copper tube is available in types K and L in either 
20-foot straight lengths or in long coils. Table 
3-3 lists the commercially available lengths of 
copper plumbing tube of the various types and 
tempers. 

Hard temper copper tubing is coded with a 
color stripe апа lettering which indicates the 
type of the tubing, the name or trademark of the 
manufacturer, and the country of origin. The 
four colors used to identify the four types of hard 
copper plumbing tube are: 


Green (Type K copper tube) 
Biue (Type L copper tube) 


ANNEALED 
(soft copper) 


Straight Lengths: 


Up to 8-inch diameter 20 ft 
10-inch diameter 18 ft 
12-inch diameter 12 ft 

Coils: 
Up to l-inch diameter 60 ft 
100 ft 
11/4 and 1'/2-іпсһ diameter 60 ft 
2-inch diameter 40 ft 
45 ft 


Straight Lengths: 


Up to 10-inch diameter 20 ft 
12-inch diameter 18 ft 
Coils: 

Up to l-inch diameter 60 ft 
100 ft 

11/4 and 1'/2-inch diameter 60 ft 
2-inch diameter 40 ft 
45 ft 


Not available — 


Not available == 


Yellow (Туре DWV copper tube) 


In addition to the color coding, the type and 
manufacturing information is also stamped 
every 18:іпсһеѕ on the copper tubing. 

Soft temper copper tubing is not marked with 
a color code, but the type and manufacturing 
information is stamped into the tubing every 18 
inches. 

Copper tubing is used for piping plumbing 
systems because it is a lightweight, easily joined, 
corrosion-resistant material. However, some 
acids and fumes found in the sanitary drainage 
system have been known to corrode copper 
tubirrg. The ammonia fumes from urine are espe- 
cially corrosive to copper tubing, and for this 
reason this material should not be used for the 
drain pipe from urinals. 
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Copper Tubing Fittings 

These fittings are manufactured of either cast 
bronze or wrought copper. Cast bronze fittings 
are cast from molten bronze (an alloy of copper 
and tin) in sand molds. Wrought copper fittings 
are formed by a hammering process from copper 
mill products. There is no difference between the 
two types of fittings as far as cost or installation 
practices. The choice between cast bronze and 
wrought copper fittings is largely a matter of 


COUPLING COUPLING TRAP ADAPTOR 


(CAST BRASS) (WROUGHT COPPER) 


90° ELBOW 


user’s preference and fitting availability, as some 
fittings are not available in both cast bronze and 


wrought copper. 


Copper tubing fittings are joined to the copper 
tubing by either a soldered joint or a flared joint. 
Solder joint fittings are available in two patterns: 


 DWV апа pressure. Flared joint fittings are a 


mechanical joint fitting that are manufactured 
only in cast bronze. (These joining methods will 
be described in Chapter 5.) 


STREET 90° ELBOW 45° ELBOW 


NO-HUB 
SOIL PIPE 
STREET 45° 60° ELBOW WYE SOIL PIPE ADAPTOR ADAPTOR LONG SWEEP T-Y 
ELBOW 


TEST TEE TRAP TEE 


le 


fa 


COPPER TO TEE TEE 
FIP ADAPTOR (CAST BRASS) 


(WROUGHT COPPER) 


COPPER TO 
MIP ADAPTOR 


TRAP ELL FITTING CLEANOUT 


TRAP CLOSET FLANGE 


Figure 3-8. DWV (drainage, waste and vent) copper solder joint 
fittings are characterized by a long radius or sweep in the elbows, 
tees, and other fittings. (NIBCO, Inc.) 


DWV Copper Fittings. These solder joint 
copper fittings, used with type DWV hard temper 
copper tubing, are shown in Figure 3-8. They are 
used for drainage, waste and vent fittings, and 
are characterized by a long radius or sweep in 
elbows, tees, and other fittings. The long radius 
allows easy gravity flow of the waste materials 
draining through them. In addition, these fittings 
have a shallow solder socket as they are not 
normally subject to pressure. DWV copper fit- 
tings, which are used for sanitary drainage, vent, 
and storm water piping above ground, are avail- 
able in 17/4-іпсһ to 8-inch sizes. 


б 


э Pn t n 


} 


i 


ДА a oc an ae t n hs 


i 
` 
4. 


45? ELBOW STREET 90? ELBOW 


FLANGED 
SINK ELBOW 


Solder Joint Pressure Fittings. Соррег sol- 
der joint pressure fittings are used above ground 
with types L and M hard temper copper tubing 
for water supply piping. Copper pressure fittings 
(Figure 3:9) һауе a short radius or sweep on 90? 
elbows, tees, and other fittings because the 
water flowing through them is under pressure. 
As they must contain water under pressure, 
these fittings have a deeper solder socket than 
the DMV copper fittings (illustrated in Figure 
3-8). Solder joint copper pressure fittings are 
available in ‘/e-inch to 12-inch sizes. 

Flared Joint Fittings. These fittings, which 


COPPER TO 
FIP ADAPTOR 


90° ELBOW 


COUPLING CAP 


COPPER TO 
MIP ADAPTOR 


DROP ELL 


ELBOW (COPPER TO COPPER) 


DROP ELL 
(COPPER TO FIP) 
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COPPER TO 
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Figure 3-9. Copper solder joint pressure fittings have deeper 
solder sockets than DWV fittings. (NICBO, Inc.) 
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FEMALE ADAPTOR 


COUPLING 


MALE ADAPTOR 


Figure 3-10. Flared joint fittings are used below ground on water 
services. (NIBCO, Inc.) 


are used with types K and L soft copper tubing, 
are shown in Figure 3-10. Flared joint fittings are 
normally used only below ground on water ser- 
vices. They are available in 3/s-inch to 3-inch 
sizes. 


Uses of Copper Tubing. Type DWV. copper 
i | with type DWV 


ad Joint fittings for sanitary drainage, vent, 
and sto Inage piping. 


Types L and M hard temper copper tubing are 


used. above ground with solder joint pressure 


fittings for water supply piping. 
Types 


used below ground with flare joint fittings for 


water supply piping. 
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PLASTIC PIPE AND 
FITTINGS 


Plastics are a family of man-made materials 
developed from synthetic organic chemicals. 


“Тһе basic raw materials used to make plastics 


are oil, natural gas, coal, and cellulose (from 
wood fibers). The raw materials are made into 
resins, which are classified into two general 
types of plastics. 


cannot be remelted after they are formed and 


cured in their final shape. 
The plastics used for hod — 2 
are thermoplastics. 


Plastic pipe is made by the process of extru- 
sion in which the heat-softened plastic is forced 
through a circular-shaped die to form the round 
pipe shape. 

Plastic pipe fittings are made by the injection 
molding process in which heat-softened plastic 
is forced into a relatively cool cavity shaped like 
the desired fitting. The plastic then solidifies in 
the cavity to become the fitting. 


Plastic as a piping material has the advantages 
| of being a lightweight, inexpensive material. It is 


resistant to corrosion from household chemi- 
cals, has very smooth interior walls, and is very 
easily joined. In addition, because plastic pipe 


and fittings are made from a combination of raw 
materials, it. is possible to formulate different 
types of plastic pipe—each of which has its own 
special characteristics. 

The dis stic as 
material are that (1) it has a low resistance to 
heat; (2) it has a very high rate of expansion 
contraction when heated and cooled; (3) it is a 
very flexible material that requires extra han 
and supports; (4) it has a low Masc 
(when compared to metal pipes); and (5) it has 

ure r (the amount of Ше” pres- 

sure it can withstand) that are lower than those 
for metal pipes. 

Plastics Used for Plumbing Pipes. There аге 
five types of plastics commonly used for plumb- - 
ing pipes and fittings: 


1. Acrylonitrile-Butadiene-Styrene, or ABS as 
itis more commonly called. 
Polyvinyl Chloride, or PVC. 
Chlorinated Polyvinyl Chloride, or CPVC. 
Polyethylene, or PE plastic tubing. 
. Polybutylene, or PB plastic tubing. 

In the following sections of this chapter the 
common uses of these five materials will be 
described. (The apprentice is reminded to check 


jS 


uS 


the local plumbing code for restrictions on the 
uses of plastic piping materials.) 
ipe and fittings are the type most 
commonly used in the plumbing industry. This 
black plastic pipe (with solvent weld DWV fit- 
tings like those pictured | in Figure 3-11) issused- 
to con ent pipi 
tems as well as for stor 


age 


Systems both above and below ground. 


90^ ELBOW 45% ELBOW 


90° VENT ELBOW TRAP ELBOW 


PLASTIC TO CLEANOUT 


NO-HUB ADAPTOR 
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PLASTIC TO 
SOIL PIPE ADAPTOR 
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Figure 3-11. An assortment of DWV plastic solvent weld fittings 
is available in ABS and PVC plastic. (NIBCO, Inc.) 


43 


45? ELL 3 


BUSHING TRANSITION FITTING 


CAP 


Figure 3-12. CPVC plastic piping and fittings have been specially 
formulated to withstand higher temperatures. (NIBCO, Inc.) 


РУС plastic pipe and fittings, which are light 


colored, are used in the same applications as 

lastic pipe and fittings. plastic fittings 
for drainage and vent piping are identical in 
appearance (except for color) to the ABS fittings 
shown in Figure 3-11. 

Even though ABS and PVC plastic pipe and 
fittings have identical uses and are identical in 
appearance (except for color) the two materials 
are | ‚ and each material— 
ABS and PVC — has its own special solvent 
cement. 

Both ABS and PVC plastic pipe and fittings for 
drainage and vent piping are available in 11/4- 
inch to 6-inch sizes. The pipe is available in 10- 
and 20-foot lengths. 

Since ABS and PVC plastic pipe and fittings 
have identical uses, the only reasons for select- 
ing one material over the other for a piping 
system are either the cost of the material or local 
plumbing code restrictions. That is, in most 
instances the least expensive of the two materi- 
als will be used unless there is a local plumbing 
code restriction prohibiting the use of that mate- 
rial. 

CPVC plastic pipe is a light or cream colored 
plastic that has been specially formulated to 
withstand higher temperatures than other plas- 
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tics. It is normally rated for 180? F (82? C) at 100 
pounds per square inch of pressure with a sub- 


stantial safety margin. CPVC is used for piping 
hot and cold water uti t | 


Istri 
homes. CPVC plastic pipe and fittings, which are 


available in '/2- and 3/4-inch sizes, are also joined 
by solvent welding. CPVC pipe is available in 


` 10-foot lengths. An assortment of fittings is il- 


lustrated in Figure 3-12. 

PE plastic tubing is a flexible plastic tubing, 
available in 3/4-, 1-, 11/2-, and 2-inch sizes, that is 
used for water supply piping below ground in 
yard areas (the building water service). PE tub- 
ing is black and is usually sold in 100-foot coils. 
It is joined to nylon or plastic insert fittings 
(Figure 3-13) with hose clamps (as shown in 
Chapter 5). PE plastic may also be flared by the 
method shown in Chapter 5 and used with cast 
bronze flare fittings of the type shown in Figure 
3-10 for use with soft copper tubing. 
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ADAPTOR TEE 
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FEMALE ADAPTOR 
ELBOW 


MALE ADAPTOR 


Figure 3-13. Plastic insert fittings are used with PE plastic tub- 
ing. (Celanese Piping Systems, a division of Celanese Plastics 
Co.) 


PB plastic tubing is a gray flexible tubing used 
for water supply piping. PB plastic tubing is 
available in 1/8, 1/4, 3/в, 1/2, 3/4, and 1 inch sizes. The 
actual outside diameter of PB plastic tubing is 1/8 
inch larger than the stated size. PB plastic tubing 
is manufactured in 20 foot straight lengths and in 
25, 50, 100, 500, and 1000 foot coils. 

Since solvent cementing is not possible with PB 
plastic, mechanical joint fittings are used. Types 
of fittings that may be used depend upon manufac- 
turers' specifications. These include insert fittings 
and compression joint fittings. 

Insert fittings (Figure 3-14) are manufactured 
from a gray acetal plastic in 38, !/», and 3/4 inch 
sizes. The insert fitting joint is made by inserting 
the fitting into the tubing and then crimping a soft 
copper or aluminum clamping ring over the tubing 
with a crimping tool. 

Compression joint fittings (Figure 3-15) are 
manufactured in !/» and 3/4 inch sizes. These fit- 
tings consist of a plastic body onto which a brass 
nut containing a plastic compression ring is thread- 
ed. As this nut is tightened onto the fitting body, 
the ring is forced into the tubing sidewall to make 
a joint. 

The compression joint fitting has one distinct ad- 
vantage over insert fittings. Since the compression 
joint fitting slides over the pipe rather than into it, 
the fitting does not restrict the flow of water 
through the pipe as insert fittings do. 


ELBOW TEE 


REDUCING COUPLING 


Figure 3-14. PB plastic insert fittings are used for water pipe. 
(Brass Craft) 


COUPLING 


For your future reference use, all of the infor- 
mation regarding the uses of the four basic types 
of pipe and fittings has been incorporated into 
Table 3-4, “Uses of Piping Materials." 


REDUCING TEE 
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Figure 3-15. The brass nut on a compression joint fitting tightens 
the tubing into a plastic body. (Brass Craft) 


TABLE 3-4. USES OF PIPING MATERIALS 
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PB Campression Joint Fittings................ 
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о HOW ТО IDENTIFY 
PLUMBING FITTINGS 


In addition to being able to recognize the 
various types of plumbing pipes and fittings and 
knowing the uses of these materials, the appren- 


tice must learn to identify or read the more 


90^ REDUCING ELL 
READ: ?/," X '/2” ELL 


TEE WITH END OF RUN REDUCED 


READ: ?/4" X 1/5 X 3/4" T RUN REDUCED 


READ: 1/2 X 1)” X 3/4" T 


TEE WITH OUTLET REDUCED 
READ: ?/4" X 1/2” T 


“BULLHEAD” TEE—BOTH ENDS OF 


common types of plumbing fittings. To assist the 
student in identifying plumbing fittings, a variety 
of the most commonly used plumbing fittings is 
illustrated in Figure 3-16. In this descriptive 
illustration each opening of the fitting is marked 
with a letter that indicates the sequence to be 
followed in identifying the size of the fitting. That 


TEE WITH END OF RUN AND 
OUTLET REDUCED 


READ: 3/4 X '/2" X '/»" TEE 


CROSS WITH BOTH SIDE 
OPENINGS REDUCED 
READ: 3" X 2" CROSS 


Figure 3-16. An apprentice must learn to identify and read com- 
mon types of plumbing fittings. 


WYE WITH SIDE OPENING REDUCED 
READ: 4” X 2" WYE 
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is, in reading or specifying the outlets of reduc- 
ing fittings, the openings should be read in the 
order indicated by the sequence of the letters A, 
B, C, and D. 


On reducing elbows and eei the largest 
open : 3/4 х 1/2 elbow. 
(See Figure 336) — 

On bushing e ma 
fi and then the female 
On tees, wyes (Үз), sanita 
nation wye 2 в bends, the | 
named first, then the smaller the 
side outlet last. A tee having a side outlet larger 
m—-—— ыле is called a bull head tee. (See 
Figure 3-16.) 

On crosses with two run openings of the same 
size and the two side openings of the same size, 
it is common practice to give the run size first 
and the side outlet size last. 

On side outlet reducing fittings (which are not 
illustrated), the side outlet is named last, with the 
other sizes given in the previously mentioned 
order. 

Note: Although all of the fittings illustrated in 
Figure 3-16 are threaded fittings, the same rules 
apply to the identifying of reducing solder joint, 
soil pipe (both hub type and no-hub), and other 
types of plumbing fittings. 


named 


hread. 


and combi- 


[e] PLUMBING VALVES 
-A valve is a fitting installed by plumbers on- itti | : а 


| the fi әш 
„епа system in one or more of the following ways: 
1. To turn the flow on; 
а = | 
3. by permitting flow in 
one direction only (that is, to prevent back- 
flow), to regulate pressure, or to relieve 
excess temperature and/or pressure. 
To accomplish these methods of control over 
the fluids within the piping system, plumbers 
install the following types of valves: 


Gate valves Check valves 
Globe valves Backwater valves 
Core cocks Pressure-reducing 
Ball valves valves 


Relief valves 
Stop and waste 
valves 


Butterfly valves 
Compression 
stop valves 


These various types of plumbing valves are 
manufactured from either cast bronze or cast 
iron. In general, valves sized 2 inches and small- 
er will be made from cast bronze with bronze 
internal working parts. Valves 2'/2-inch size and 
larger usually have cast iron bodies with bronze 
internal working parts. 

A term sometimes used to describe some 
types of valves is rated valve. A rated valve is a 
valve that meets an engineering standard for the 
normal pressure range of the fluids contained 
within the system it is controlling. The pressure 
rating for a particular valve is marked in raised 
letters on the side of the valve body. Most of the 
valves installed by plumbers will be marked 
1254 SWP апа 200% WOG. This marking means 
that the valve is rated for use at a maximum of 
125 pounds | 
200 pounds water, oi 

Gate Valves. Gate valves are valves that con- 
trol the flow of fluid moving through the valve by 
means of a gate-like wedge disk which fits 
against smooth machined surfaces, called seats, 
within the valve body. Figure 3-17 illustrates the 
internal working parts of typical bronze gate 
valves. 

When the disk is in the open position, a gate 
valve is designed to permit a straight, full, and 
free flow of fluid. For this reason gate valves are 
referred to as full-way valves. 

which are the most commonly 
used type of plumbing valve, should be used 


only where they will be left either. wide open,or 


С 


Gate valves have two different types of wedge 
disks, as illustrated in Figure 3-17: a solid-wedge 
disk and a split-wedge disk. The solid-wedge 
disk gate valve, which is the most often used of 
the two types, may be installed with the valve 
stem and handle in any position. 


The split-wedge disk, which is the best sealing 
of the two types of gate valves, is designed so 
that closing pressure forces the two parallel 
halves of the wedge disk outward onto the body 
seat. This type of gate valve will close off the flow 
of fluids completely even when there is scale 
trapped on one seat. Split-wedge gate valves 
should be installed with the valve stem in the 
vertical position. 
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Figure 3-17. Gate valves control the flow of fluid by means of 


а gate-like wedge disk that fits’: against a smooth surface. 


(Stockham) 

Gate valves are characterized by three dif- 
ferent types of stems: a rising stem-outside 
screw and yoke, a rising stem-inside screw, and 
a nonrising stem-inside screw (Figure 3-17). 

Ona rising stem-outside screw and yoke (OS & 
Y) gate valve, when the hand wheel is turned the 
stem rises as the yoke bushing engages the stem 
threads. OS & Y gate valves are used where it is 
necessary to have a visual indication of whether 
or not the valve is open or closed. 
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The rising stem-inside screw gate valve is the 


most common design in bronze gate valves. The 
stem and hand wheel rise as the valve is opened 
to indicate the position of the wedge disk. How- 
ever, because both the hand wheel and stem 
rise, adequate clearance must be provided for 
the operation of the valve. 

neither the hand wheel nor the stem rises when 
the valve is opened. Nonrising stem gate valves 


are used where there is not enough clearance for 
the operation of a rising stem valve. However, 
since the stem and hand wheel do not rise, there 
is no way to visually check the open or closed 
position of this type of valve. 

Gate valves are usually not installed in piping 
systems where they will have to be opened and 
closed frequently. If the piping system requires 
the use of a valve that must be opened or closed 
frequently, plumbers install either a globe valve 
or one of the other types of full-way valves. 

а! А globe valve is а compres- 
E arme which the flow of water is 
controlled by means of a circular disk that is 
forced (compressed) onto or withdrawn from an 
annular ring, known as the seat, which surrounds 
the opening through which water flows. Figure 
3-18 illustrates the internal working parts of a 
globe valve. The name globe valve is derived 
from the fact that globe valves have a round or 
globe-like body. The configuration of a globe 
valve requires water flowing through it to change 
direction several times, causing turbulence, re- 
sistance to the flow of water, and a considerable 
pressure drop. 

A rated globe valve is one that has a full size 
seat opening, that is, a 1-inch rated globe valve 
has a 1-inch diameter seat opening. Non-rated 
globe valves are called compression stops. 


Non-rated globe valves are also available. The 
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Figure 3-18. A globe valve controls the flow of fluid by means 


of a circular disk that is forced onto a seat. (Stockham) 


compression stop and the stop-and-waste valves 
are two such valves (Figure 3-19). A stop-and- 
waste valve is a type of compression stop valve 
with a side port into the valve body. This port 
may be opened to drain fluid from the upstream 
side of the valve. Stop-and-waste valves are 
used to control the flow of water to fixtures, such 
as sillcocks, that are subject to freezing. 

Unlike gate valves, all globe valves have rising 
stems. Another feature of most of the globe 
valves used by plumbers is a replaceable compo- 
sition disk. These disks, which are also called 
washers, are available made of different materi- 
als for use with cold water, hot water, chemicals, 
etc. 


STOP-AND-WASTE 
VALVE 


COMPRESSION STOP 
VALVE 


Figure 3-19. The stop-and-waste valve (top) and the compression 
stop valve (bottom) are two types of non-rated globe valves. 
(NIBCO, Inc.) 


-Angle.Vaives. Ап angle valve (Figure 3-20) is а 


globe valve in which the inlet and outlet open- 
ings are at a 90? angle to one another. An angle 
valve offers less resistance to the flow of water 
through it than a globe valve and the 90% elbow it 
replaces. The use of an angle valve also reduces 
the number of joints and thus saves installation 
time. 

Globe valves and angle valves are recom- 
mended on installations that require frequent 
operation, throttling, and/or a positive shutoff 
when closed. On plumbing installations most 
globe and angle valves are used for individual 
plumbing fixture control valves. 


Plumbing Materials 49 


IDENTIFICATION PLATE 


PACKING 


Pe ~ UNION BONNET 
P Ж 
»c——— 3 


^ DISC HOLDER 


ІШІ... 


|! 


DISC LOCK-NUT 


Figure 3-20. An angle valve is a type of globe valve in which the 
inlet and outlet openings are at a 90? angle to one another. 
(Stockham) 


Sillcocks and Boiler Drains. Sillcocks and 
boiler drains are two types of angle, compres- 
sion stop valves. A sillcock is installed on the 
outside of a building so that a garden hose may 
be attached. Sillcocks may be of two types: frost- 
free or regular. Frost-free sillcocks are constructed 
so the valve mechanism is inside the building to 
prevent freezing and breaking. Most plumbing 
codes require that a hose thread vacuum breaker 
be installed on any fitting onto which a garden hose 
can be threaded (Figure 3-21). This fitting prevents 
the siphoning of any contaminated substances 
through the hose back into the potable water sup- 
ply. Sillcocks are now manufactured with this 
vacuum breaker as part of the fitting body. 

A boiler drain is a valve that is installed on a tank 
(such as a water heater) for draining and/or flush- 
ing. Boiler drains and sillcocks are nearly identical, 
except the sillcock has a mounting flange and the 
boiler drain has screw threads for direct mounting 
onto a tank (Figure 3-22). 

— Core Cocks. Core cocks, or plug valves as 
they are also called, are a type of valve through 
which the flow of water is controlled by a circular 
core or plug that fits closely in a machined seat. 


Dfi shiny pl Шетке те op 2 
50  Plumbing—Instaillation and Design 


Figure 3-21. The valve mechanism of the frost-free sillcock is 
mounted inside the building to prevent freezing (upper). A hose 
thread vacuum breaker may be mounted on an existing sillcock 
to prevent siphoning (lower). (Woodford Mfg. Co., Watts Regulator 
Co.) 


Figure 3-22. A boiler drain is a type of angle compression stop 
valve that is used for drainage and/or flushing a tank. 


This core has a port bored through it to serve as 
a water passageway. Core cocks, like gate 
valves, are full-way valves. However, to open or 
close a core cock requires only a 90? turn of the 
valve handle or key. Figure 3-23 illustrates a 
sectional view of a gas cock. 

Figure 3-24 shows the three types of core 

cocks most commonly used by plumbers. They 
are: the corporation cock, the curb cock, and the 
lever handle gas cock. 
— Ball Valves. А ball valve is a valve in which 
the flow of fluid is controlled by a rotating drilled 
ball that fits tightly against a resilient (flexible) 
Seat in the valve body. A ball valve (Figure 3-25) 
is basically a core cock with a spherical core. 
Like a core cock, a ball valve requires only a 909 
rotation of the handle to open or close the valve. 
Ball valves are full-way valves that can be used 
for throttling. 


Plumbers use ball valves on water supply pip- 
ing in place of gate valves or globe valves, and 
on low pressure gas piping in place of the lever 
handle gas cock. 


BODY CORE 


PASSAGEWAY 


Figure 3-23. A gas cock is a type of core cock that allows gas 
to pass through when the passageway is in line with the inlet 
and outlet openings. 
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Figure 3-24. The three most common types of core cocks in- 
stalled by plumbers are the curb cock, the gas cock, and the cor- 
poration cock. (Mueller Co.) 


Butterfly Valves. A butterfly valve, illustrated 
in Figure 3-26, is a valve with a rotating disk (the 
butterfly) that fits within the valve body. The 
rotating disk is controlled by a shaft. In its closed 
position, the disk seats against a resilient seat. A 
butterfly valve is opened or closed by only a 90? 


turn of the handle. It is a full-way valve that may 
be used for throttling purposes. One of the main 
advantages to the use of a butterfly valve is its 
very thin body, which permits it to be installed in 
spaces where no other valve would fit. 

A check valve is a valve that 
permits the flow of water within the pipe in only 
one direction and closes automatically to pre- 
vent backflow (the flow in a reverse direction). 
Check valves offer quick, automatic reactions to 
changes in the direction of the flowing water 
because the pressure of the flowing water keeps 
the valve open and any reversal of flow closes it. 
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Figure 3-25. A ball valve controls the flow of fluid by rotating 
a drilled ball against a flexible seat. (NIBCO, Inc.) 


Figure 3-26. The design of the butterfly valve lends itself well 
to being used in places where other valves would not fit. (NIB- 
CO, Inc.) 
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SWING CHECK VALVE 


LIFT CHECK VALVE 


Figure 3-27. A check valve permits flow of fluid in one direction 
only. (Stockham) 


Check valves, which are illustrated in Figure 
3-27, are available in two different styles: swing 
checks and lift checks. The swing check, in 
which the water flows straight through the valve, 
has a hinged disk that is held open by the 
flowing water. On the other hand, in the lift 
check, the water pressure forces the disk up 
from its seat and, in a reversal of flow, the disk 
drops back onto its seat. In a lift check, the water 
flow follows a winding course similar to that in a 
globe valve. 

Swing check valves offer very little resistance 
to the flow of water. They are generally used with 
gate valves in installations where the water is 
moving at a low velocity and in which there is 
seldom a change in direction of flow. 

Lift check valves, which have a rather high 
resistance to the flow of water, are usually used 
in conjunction with globe and angle valves in 
installations in which there are frequent changes 
in the direction of flow. 
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Figure 3-28. Backwater valves are a type of check valve іп- 
stalled in a system to prevent the backflow of sewage. (Wade 
Division, Tyler Pipe) 


A backwater valve is a 
type of check valve installed to prevent the 


backfl from flooding the basement 
or lower levels of a building. 


Two types of backwater valves that are an in 
tegral part of floor drains are the ball-type 
backwater valve and a swing-check backwater 
valve (Figure 3-28). Floor drains with these types 
of backwater valves are installed in the base- 
ments of buildings to prevent flooding in case 
the building drain or building sewer should 
become stopped. 

Figure 3-29 pictures a swing-check backwater 
valve. This type of backwater valve is installed on 
the branches of the building drain serving base- 
ment plumbing fixtures in areas where the sewer 
main in the street is subject to stoppage or 
flooding. 


Figure 3-29. A swing-check backwater valve is installed in areas 
where the sewer main is subject to stoppage. (Wade Division, 
Tyler Pipe) 


Figure 3-30. A pressure-reducing valve converts high, fluctuating 
pressure to lower, constant pressure. (Watts Regulator Co.) 


Pressure-Reducing Valve. А pressure- 
reducing valve is an automatic device used for 
converting high, fluctuating inlet water pressure 
to a lower constant pressure. This valve is also 
called a pressure-regulating valve. 

A pressure-reducing valve, of the type illustrat- 
ed in Figure 3-30, is installed by plumbers on the 
building water service, near the water meter, to 
reduce excessively high street water main pres- 
sures. This pressure-reducing valve has an ad- 
justment screw to adjust the outlet pressure. A 
strainer must be installed in conjunction with a 
pressure-reducing valve to keep dirt out of the 
working mechanism of the valve. 


. . Relief Valves. “А relief valve is a safety device 
that automatically provides protection against 


both. Plumbers install relief valves of the type 


pictured in Figure 3-31 ‘Oeil К 
heati | t from the dangers of over- 


eating and explosion. 

Relief valves are available for pressure only or 
for temperature and pressure (T & P). T & P relief 
valves, the more commonly used of the two, are 
used on domestic hot water heaters. Pressure 


| 


i 
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Figure 3-31. Relief valves can relieve both temperature апа 
pressure (left) or pressure only (right). (Watts Regulator Co.) 


relief valves are installed on some types of com- 
mercial and industrial hot water heating equip- 
ment. 


Uses of Plumbing Valves 


Plumbers install the types of valves just de- 
scribed in the following locations. 

1. A corporation cock is installed at the con- 
nection of the water service to the water main. 

2. А curb cock is located near the curb line of 
the building property to provide a means of 
controlling the water service to the building. 

3. A full-way valve is installed on each side of 
the water meter. It may be either a gate valve, a 
ball valve, or a butterfly valve. 

4. || necessary, a pressure-reducing valve 
would be installed between the water meter 
valves. 

5. A full-way valve is installed on the cold 
water supply to all hot water heating equipment. 

6. A relief valve is installed on all hot water 
heating equipment. 

7. АП sill cocks should be provided with a 
control valve located inside the building. 

8. АП water closets must have an individual 
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fixture control valve. It is highly recommended 
that all other plumbing fixtures and appliances 
also have individual control valves on their water 
supplies. 

9. In apartment buildings, each family apart- 
ment unit must be equipped with shutoff valves 
controlling the hot and cold water supply to that 
unit, or the plumbing fixtures and appliances in 
the unit must each have its own fixture control 
valve. These valves are required so that repairs 
may be made in one apartment without interfer- 
ing with the water supply to other apartments. 

10. In buildings other than homes and apart- 
ments, shutoff valves must be installed on the 
water supply piping so that the water supply to 
all the equipment in each separate room or to 
each individual fixture can be shut off without 
interfering with the water supply to other rooms 
or parts of the building. 

In general, all the shutoff valves installed by 
plumbers on water piping are full-way valves 
having the same size as the line on which they 
are installed. The only exception to this is that 
the fixture control valves for individual plumbing 
fixtures and appliances are compression stops 
or globe valves. 

Note: One final point the plumber must re- 
member when installing any shutoff valve is to 
place that valve in an accessible location or it 
will be worthless. 


WATER METERS 


A water meter is a device used to measure in 
cubic feet or gallons the amount of water that 
passes through the water service. A water meter 
is installed in a building so that the building 
owner may be charged for the amount of water 
he uses. The water meter is installed at the end 
of the water service pipe either directly inside or 
outside of the building walls in accordance with 
local plumbing code restrictions. Three types of 
water meters are installed by plumbers: the 
disk-type meter, the turbine meter, and the com- 
pound meter. 

Disk Meters. А disk meter is used for mea- 
suring the flow of water through small water ser- 
vices (Figure 3-32). Disk meters, which are very 
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accurate devices for measuring small flows of 
water, are available in sizes from 5/в inch to 2 
inch. 

The internal working parts of a disk meter are 
illustrated in Figure 3-33. The water enters the 
meter and flows into the measuring chamber in 


" which the nutating disk is fitted. As the water 


passes through the chamber, the disk rotates in 
a wobbling (nutating) motion and physically dis- 
places all of the water from the chamber. The 
rotations of the disk are transmitted by way of a 
gear train to the recording dial. 

Disk-type water meters are also called dis- 
placement meters because during a measuring 
cycle the water is completely removed or dis- 
placed from the measuring chamber with each 
rotation of the disk. 

Turbine Meters. A turbine meter (Figure 
3-34) is used in buildings in which water is used 
in large and constant volumes. In a turbine 
meter, water strikes the blades of the rotor (tur- 
bine) and causes it to turn (Figure 3-35). This 
motion is transferred by means of a magnetic 
coupling to a vertical spindle and then to the 
gears in the meter's register. Turbine meters of 
this type are available in 2-, 3-, 4-, and 6-inch 
sizes. Although turbine meters very accurately 
measure large flows of water, they are not accur- 
ate for small flows. 

Compound Meters. А compound meter (Fig- 
ure 3-36) is a water meter that unites a disk and 
turbine meter in one body. Compound meters 
are made in 2- to 10-іпсһ sizes for use in build- 
ings in which there is a large fluctuation in water 
flow. A typical use is office buildings, which have 
a large flow of water during regular working 
hours and very little water use during the eve- 
ning hours and weekends. 

When water enters a compound meter (at a 
low rate of flow), the disk portion of the meter 
measures this flow because the heavy-duty valve 
prevents this water from entering the turbine 
portion of the meter. (These internal working 
parts are shown in Figure 3-37.) At high flow 
rates, the water forces this heavy-duty valve 
open, which closes off the flow of water to the 
disk portion of the meter and forces the water 
into the turbine portion of the meter to be 
measured. 
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Figure 3-32. Disk-type water meters are accurate measuring 
devices for small amounts of water. (Badger Meter, Inc.) 


Figure 3-34. A turbine meter is used in buildings where the flow 
is in large and constant volumes. (Badger Meter, Inc.) 
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Figure 3-36. A compound water meter is used where there are 
large fluctuations in water flow. (Badger Meter, Inc.) 


Figure 3-33. A disk-type water meter measures water flow 
through the use of a nutating disk. (Badger Meter, Inc.) 
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Figure 3-35. Turbine meters record water volumes through the 
use of a turning rotor. (Badger Meter, Inc.) 
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Figure 3-37. Compound water meters incorporate the principles 
of the disk-type meter and the turbine meter. (Badger Meter, Inc.) 
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Figure 3-38. An outside register can be used with a disk-type 
meter, a turbine meter, or a compound meter. (Badger Meter, Inc.) 


Outside Registers. An outside register is 
shown installed on a disk-type water meter in 
Figure 3-38. Outside registers, which allow the 
meter reader to read the water meter without 
entering the building, are also available for tur- 
bine and compound meters. Since plumbers 
install this outdoor register when they install the 
water meter, the following description of the 
principle of operation of an outside register is 
given: 


1. A self-contained generator is mounted on 
the water meter and connected to the outdoor 
register with a two-conductor wire. The flow of 
water starts the system operating by causing the 
meters disk spindle to rotate. This motion is 
transferred to a spring-biased, six-pole magnet 
in the generator by means of a reduction gear 
train and an escape gear. When the escape gear 
is released, the biasing springs return the mag- 
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net to its original position. This action produces 
a low-voltage pulse in coils located near the 
magnet. 

2. The pulse (approximately 8 volts) is trans- 
mitted over the wire to a solenoid in the outdoor 
register. The outdoor register advances one digit 
for every pulse received.* 


о REVIEW QUESTIONS 


1. Give a use for each of the following kinds of 
pipe and fittings: 

bell and spigot cast iron soil pipe 

no-hub cast iron soil pipe 


galvanized steel pipe with: 

(a) standard cast iron threaded fittings 

(b) Durham fittings 

(c) galvanized malleable iron grooved fittings 


DWV copper pipe and fittings 


Types L and M copper and solder joint pres- 
sure fittings 


Types K and L soft copper and flare fittings 
ABS and PVC plastic pipe and fittings 
CPVC plastic pipe and fittings 

PE plastic tubing and insert fittings 


2. Give a use for each of the following types of 
valves: 


gate valve butterfly valve 

globe valve check valve 

angle valve backwater valve 

core cock pressure-reducing valve 
ball valve relief valve 

stop and 


waste valve 


3. Name the three types of water meters de- 
scribed in the text. Which type would be used in 
a single family home? In a large office building? 


4. What is the advantage to an outside water 
meter register? 


*Courtesy: Badger Meter, Inc. 


The day is gone when a plumber could go out 
on a construction job with a small hand-tray full 
of tools and install the plumbing. The price of 
labor and the new materials used in the plumb- 
ing industry have made it necessary to equip 
today's plumber with many laborsaving and spe- 
cialized tools which the apprentice plumber 
must learn to use and care for. 

Each type of piping material requires its own 
special tools. The tools in this chapter will be 
presented in the same order as the plumbing 
materials were listed in Chapter 3. This chapter, 
naturally, will not be able to show a// the tools of 
any given type, but will present examples of the 
. many types available. 

Depending on local union working rules and 
conditions the plumber may or may not be re- 
quired to furnish tools. If the plumber is required 
to furnish any tools they will probably be just 
basic hand tools. 


Basic Plumbing Tools 


To start any kind of piping work, the plumber 
will find it very helpful to have the following 
basic tools: 


CHAPTER 


Plumbing 
Tools 


6-foot folding rule 
Soapstone with holder 
Pencil 

Slip-joint pliers 
Torpedo level 


These tools are illustrated in Figure 4-1. The 
6-foot folding rule is used for measuring, a 
soapstone for marking soil pipe, a slip-joint 
pliers is a handy tool for tightening nuts and 
bolts, and a torpedo level is used for grading 


pipe. 


о CAST IRON 
SOIL PIPE TOOLS 


Cutting Tools. Cast iron soil pipe, either bell 
and spigot or no-hub, is cut with the same tools. 
Several different types of cast iron pipe cutters 
are illustrated in Figure 4-2. The first three cut- 
ters with the chain all cut pipe the same way. The 
chain, which has a cutter wheel at each link, is 
wrapped around the pipe and then drawn tight 
by ratchet action, pushing the handles together, 
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SLIP-JOINT PLIERS 


т StI OND 152 USA 


atone 


or by hydraulic action, until the pipe breaks 
cleanly beneath the center of the chain. 

The ratchet-type cutter will cut either service 
or extra heavy weight soil pipe up to and includ- 
ing 6 inches in size. It has the advantage of being 
able to make a cut with a minimum amount of 
effort in close quarters. 

The squeeze-type cutter is a better choice for 
no-hub soil pipe. It is quicker and easier to 
operate on this thin wall pipe than the ratchet- 
type cutter which has a tendency to crush or 
crack no-hub pipe and make ragged cuts on it. 
The squeeze-type cutter can also be used on 
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Figure 4-1. A plumber's basic hand tools. 


service or extra heavy weights of beli and spigot 
soil pipe, but more effort is required to cut the 
pipe with this type of cutter. 

The chop saw is used with an abrasive blade 
to cut the smaller sized (17/2-іпсһ to 4-inch) no- 
hub soil pipe. When using a chop saw it is very 
important that a full face shield be worn to pro- 
tect the plumber's eyes and face. As the abrasive 
wheel cuts through the soil pipe it actually burns 
a thin slice of metal out of the cast iron pipe, turn- 
ing it into sparks and flying metal dust. 

The hydraulic cutter pictured is used to cut the 
larger sizes of soil pipe. 


CUTTER 


" 
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Figure 4-2. A variety of tools can be used to cut cast iron soil 
pipe. (Wheeler Mfg. Corp., Ridgid Tool Co., Milwaukee Electric 


Tool Corp.) 
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YARNING IRON 


PACKING IRON 


INSIDE CAULKING IRON 


CUT-OFF CHISEL 


Figure 4-3. Lead and oakum caulking tools: yarning iron, packing iron, 
inside caulking iron, outside caulking iron, caulking hammer, cut-off 


chisel. 


Caulk Joint Tools. A lead and oakum joint 
requires the use of yarning irons, packing irons, 
inside caulking irons, outside caulking irons, a 
caulking hammer (12-ounce) and cut-off chisel. 
Figure 4-3 shows these tools. 

A lead furnace and lead pot are necessary to 
melt the lead, and a /adle is required to carry the 
molten lead to the hub. A joint runneror running 


LEAD FURNACE 


LEAD POT 


rope is used for lead and oakum joints made in 
the horizontal position. These tools are shown in 
Figure 4-4. 

Compression Gasket Soil Pipe Joint Tools. 
A compression gasket joint is made by inserting 
a gasket into the hub of the pipe or fitting and 
inserting the plain end of the pipe into the gasket 
until it seats. 


JOINT RUNNER 
(RUNNING ROPE) 


Figure 4-4. Tools for pouring molten lead: lead furnace, lead pot, lead 
ladle, joint runner (running rope). 
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OUTSIDE CAULKING IRON 


Figure 4-5. Compression gasket joint soil pipe assembly 
tool. (Ridgid Tool Co.) 


This can be done with an assembly tool (Figure 
4-5) or by using a /ead maul (Figure 4-6). The lead 


‘maul, which the plumber can make works quite 


well to assemble compression gasket joints in 
some situations. 


No-Hub Soil Pipe Joint Tools. No-hub soil 
pipe requires only the use of atool to tighten the 
clamps around the stainless steel band. Figure 
4-7 pictures a 5/16-іпсһ nut driver, and '/4-inch 
drive ratchet with а 5/ «-іпсһ socket wrench that 
the plumber will find useful in tightening or 
loosening the no-hub clamps. The 7-һапа/е 
torque wrench tightens the clamp to the recom- 
mended 60 inch-pounds of torque and then 
releases its grip. An electric no-hub nut driver 
that also releases at 60 inch-pounds is also 
shown in Figure 4-7. This tool also reverses, 
allowing couplings to be loosened or removed. It 
is very useful for prefabrication shops or where 
many couplings must be made in a close area. 


p 


Figure 4-6. A lead maul that the plumber can make for 
himself to use for the assembly of rubber gasket soil pipe 


joints. (Tyler) 
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Figure 4-7. No-hub soil pipe joint tools: 5/1s-inch nut driver, 
'/a-inch drive ratchet with 5/16-іпсһ socket wrench, T-handle 
torque wrench, electric no-hub nut driver. (Milwaukee Elec- 
tric Tool Corp.) 
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GALVANIZED STEEL 
PIPE TOOLS 


Galvanized steel pipe that plumbers install is 
either threaded or grooved. Since very little pipe 
is installed in full lengths, the pipe must be cut to 
the required length and threaded or grooved. 


Hand Cutting and Threading Tools 


To cut and thread galvanized steel pipe by 
hand you must have a pipe vise (Figure 4-8) to 
hold the pipe firmly. 


Tool Co.) А 


Figure 
cutting and threading. (Ridgid Tool Co.) 


Figure 4-9. Wheel pipe cutter for cutting iron pipe. (Ridgid 


A wheel pipe cutter (Figure 4-9) is used to 
make a square cut on the pipe. A square cut is 
necessary so that the dies will start straight. This 
type of cutter does not actually remove any 
metal, but rather the wheel squeezes the metal 
and forces it ahead of the cutter until the pipe is 
cut through the wall thickness. Since cutting the 
pipe in this manner leaves a large ridge on the 
inside of the pipe which would obstruct the flow, 
the pipe must be reamed with a spiral pipe 
reamer (Figure 4-10). Pipe is reamed after it is 


4-8. Vise stand for holding pipe for 


Figure 4-10. Pipe reamer. (Ridgid Tool Co.) 
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TABLE 4-1. 


cut, but before it is threaded or grooved. The 
cone shape of the reamer tends to enlarge the 
pipe. The threading operation will remove this 
enlarged area. If the pipe were threaded first and 
then reamed, this enlarged end of the pipe would 
be difficult if not impossible to catch in the 
fitting. | 
After the pipe is cut and reamed, it may then 
be threaded or grooved according to specifica- 
tions. | 


The die shown in Figure 4-11 is the nonratch- 
eting die. The handles of this die must be rotated 
completely around the pipe to turn the die head. 
This three-way die holds three different sizes of 
pipe dies in the same die head. The die head 
either holds 3/8-, 1/2-, and 3/4-іпсһ pipe dies or 
1/2-, 3/4-, and 1-inch pipe dies. 

Another type of hand threader is the ratchet 
die (Figure 4-12). To cut a thread, a ratchet 
handle is used to turn the die around the pipe. 

The drophead die (left) is so named because to 
change the die size the reversible ratchet knob is 
pulled out and the die head drops out. This type 
of threading tool has a different die head for 
each size of pipe. 

The jam-proof receding die (right) is used to 
thread 1- to 2-inch pipe. This pipe die is adjusta- 
ble for threading 1-, 11/4-, 11/2-, and 2-inch pipe 
with the same dies. To cut a thread with this die, 
lock the guide on the pipe and rotate the die with 
the ratchet handle to cut the thread to the 
required length. As the die cuts the thread, it 
recedes on a screw mechanism built into the die 
head to feed itself onto the pipe. When it reaches 
the maximum cutting length of the die, it releas- 
es so that the die will not jam together and lock; 
thus it gets the name jam-proof. 
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Figure 4-11. Three-way pipe die for threading three different 
sizes of pipe. (Ridgid Tool Co.) 


DROPHEAD DIE JAM-PROOF RECEDING PIPE DIE 


Figure 4-12. Ratchet-type iron pipe threading dies. Left: 
Drophead die. Right: Jam-proof receding pipe die. (Ridgid 
Tool Co.) 


Table 4-1 shows why the same set of dies may 
be used to thread more than one size of pipe. 
The table lists the various sizes of pipe and the 
number of threads per inch cut with the die on a 
pipe of any given size. Different sizes of pipe with 


THREADS PER INCH FOR VARIOUS SIZES OF STEEL 
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the same number of threads per inch can usually 
be threaded with the same dies in an adjustable 
die head. 

All of the dies illustrated in Figures 4-11 and 
4-12 can be used in a pipe machine, but they 
must be backed off the thread manually to re- 
move the die from the pipe after the thread is cut. 
This feature makes them awkward to use with a 
pipe machine because the machine must be 
turned off and then either the machine reversed 
or the die head backed off by hand. 

The cut grooving tool (Figure 4-13) is available 
in iron pipe sizes from 3/4 inch to 8 inch. Ап ad- 
justable tool of this type is available for grooving 
4-, 5-, and 6-іпсһ pipe. 


Figure 4-13. A cut grooving tool cuts a groove in iron pipe. (Vic- 
taulic Company of America) 


All pipe dies and grooving tools must be 
liberally lubricated while they are cutting the 
thread or groove. Cutting oil is needed to cool 
the dies and threads to speed metal removal, to 
produce a smooth finish, and to prevent chips 
from welding themselves to the dies. Cutting oils 
are especially formulated for this purpose. To 
apply the cutting ой, you will need an oiler. 


Although a plain squirt-type oil can will work for 
this purpose, Figure 4-14 illustrates oilers that 
are made for the plumber. The oiler mounted on 
the о// container is simply a pumping mechanism 
with a hose that uses the oil can for a reservoir. 
The oiler with the reservoir is somewhat neater 
to use, as the drippings of oil and chips of metal 
can fall back into the chip pan and the oil can 
drip through the pan into the reservoir and be 
reused. An oiler of the reservoir type helps keep 
the pipe-threading area neat and clean. 


Figure 4-14. Ріре dies must be lubricated with oil while cutting 
threads or grooves. (Ridgid Tool Co.) 
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Power Cutting, Threading, and Grooving Tools 


Most iron pipe will be cut and threaded on the 
job with power tools. Two different types of small 
diameter (2-inch and under) pipe machines are 
illustrated in Figures 4-15 and 4-16. 

The smaller machine on the tripod stand (Fig- 
ure 4-15) is handy where it is necessary to move 
the pipe machine in and out of buildings or up 
and down stairs frequently—it is the lighter of 
the two machines and the more easily carried. 
The smaller machine could be used with the 
hand cutting, reaming, threading and grooving 
tools. 

The larger machine (Figure 4-16) is handy in a 
pipe shop area or on a job where it can be moved 
between floors on a lift or elevator. An important 
feature of the larger machine is that it has a 


Figure 4-15. A portable pipe machine mounted on a tripod is 
used when it must be moved to different locations frequently. 


(Ridgid Tool Co.) built-in oil reservoir and oil pump to lubricate the 
Figure 4-16. The larger portable pipe machine features a built- Figure 4-17. An adjustable pipe support is used when threading 
in oiler assembly. (Ridgid Tool Co.) long lengths of pipe to prevent overbalancing the machine and 


tipping it. (Ridgid Tool Co.) 
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threads or grooves while they are being cut. А 
separate oiler must be carried with the small 
machine. 

Both of these machines, as illustrated, have 
the cutter, reamer, and a quick-opening die head 
mounted on the machine. 

A pipe support (Figure 4-17) should also be 
used with these machines (especially the smaller 
machine) to keep long lengths of pipe from 
overbalancing the machine and tipping it over. 

Quick-opening die heads (Figure 4-18) have a 
lever which is raised to open up the dies when 
the thread has been cut to the required length. 
They do not have to be backed off the thread 
after the thread is cut. Quick-opening die heads 
are available in two styles. The mono head die 
is for threading just one size of pipe; a different 
die head is required for each size of pipe. The 
universal die head is adjustable and with the 
same set of dies it is possible to thread 1-, 17/4-, 
11/2- and 2-inch pipe. 

Three other die sets fit the universal die head. 
Two sets are for threading pipe—one for '/a- 
and 3/s-inch pipe and the other for '/2- and 
3/4-inch pipe. The third die set (Figure 4-19) is 
used for cut grooving 1'/2- and 2-inch pipe. 

Figure 4-20 illustrates a /arge diameter (2112- 
to 4-inch) pipe machine. | is basically the same 
as the pipe machine shown in Figure 4-15, in that 


Figure 4-18. The monc uie head and universal die head are 
used with pipe machines to cut threads. х 


Figure 4-19. Grooving dies can also be used with the universal 
die head. (Ridgid Tool Co.) 


it has a self-contained cutter, reamer, oiling 
system, and quick-opening die heads. It is a very 
fast way to cut and thread or groove large dia- 
meter pipe. One disadvantage of this machine 
is that it is a large, heavy piece of equipment that 
is not easily moved around the job site. There- 
fore, the pipe must be cut and threaded at the 
machine site, and then carried to the work location. 
Another disadvantage, on some jobs, is that a 
machine of this type requires more than 120 volts 
of electricity. 


Figure 4-20. A large diameter pipe machine is used to cut 
threads or grooves in 2%- to 4-inch diameter pipe. 


Plumbing Tools 65 


3” CHANNEL IRON 


BOLT TO LOCK IN 
2" PIPE LEG 


4” LONG PIECE OF 
2-1/2" PIPE 


PIECE OF 3/8” 
STEEL PLATE TO 
RAISE PIPE OFF 
BENCH TO 
VISE HEIGHT 


HEIGHT ABOVE FLOOR— 36" 


BENCH DIMENSIONS—TOP 4” x 10" 


PIPE VISE 


2” -PIPE LEGS 


1-1/2” ANGLE IRON FRAME 
AROUND ENTIRE BENCH EDGE 


Figure 4-21. A plumber’s bench setup can be used to support 
pipe when cutting, threading or grooving. 


Large diameter pipe may also be cut and 
threaded or grooved at a bench setup (Figure 
4-21). 

Two different types of wheeled pipe cutters 
can be used to cut pipe. The single-wheel pipe cut- 
ter (Figure 4-22) is basically the same as 
those used for cutting smaller diameter pipe. 


This cutter must be rotated around the pipe by 
hand while the pipe is held in a vise. Cutters of 
this type can cut up to and including 6-inch pipe. 

The other large diameter wheel cutter (Figure 
4-23) is a four-wheel hinged pipe cutter. This 
cutter does not rotate completely around the 
pipe to make a cut. It only needs to swing a little 
more than 90 degrees. It also has the advantage 


Figure 4-22. Pipe that is 6 inches and under can be cut by 
using a single wheel pipe cutter. 
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Figure 4-23. The four-wheel hinged pipe cutter may be used to 
cut pipe that is already installed. (Reed) 


of being hinged so that it may be opened and put 
over pipe that is already installed and used to 
make a cut. Hinged cutters of this type are 
available in sizes to cut up to 12-inch pipe. 

A blade-type geared pipe cutter cuts the pipe 
by actually removing metal from the pipe as it 
rotates around the outside diameter of the pipe. 
The cutter is usually power driven. As its four 
cutting blades rotate around the pipe, the pipe is 
hand fed into the cutter until the pipe is cut 
through. Pipe cutters of this type are available 
for cutting 2'/2- to 12-inch pipe. This cutter is 


Figure 4-24. Alarge diameter spiral reamer can be used on pipe 
that is 2⁄4- to 4-inch diameter. (Ridgid Tool Co.) 


made in two sections so that it may be opened 
and closed around installed pipe, enabling the 
plumber to cut the pipe in place. It is usually not 
necessary to ream the pipe that has been cut 
with the geared pipe cutter because it cuts the 
pipe by removing metal rather than by forcing it 
ahead of. the cutter wheel. 

A large diameter spiral reamer (Figure 4-24) is 
available for 2'/2- to 4-inch pipe. Pipe larger than 
4 inches must be reamed with a half-round file 
(Figure 4-25) because no reamers are made for 
the larger pipe sizes. 


Figure 4-25. Pipe larger than 4 inches should be reamed by 
using a half-round file. (Nicholsen File Co.) 
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Large diameter pipe may also be quickly cut to 
length with an abrasive saw (Figure 4-26). This 
saw is also useful for cutting miscellaneous 
metal (angle iron, channel iron, and sleeves) on 
the job site. The abrasive saw, however, requires 
more than 120 volts of electricity and is a large, 
immobile piece of equipment. у 

After the pipe is cut to length and reamed, it 
can then be threaded with a geared threader or 
grooved with an adjustable cut grooving tool. 
The geared threader (Figure 4-27) is available in 
two sizes: one for threading 21/2- to 4-inch pipe 
and one for 5- and 6-inch pipe. The adjustable cut 
grooving tool (Figure 4-28) is also available in two 
sizes, one for grooving 2- to 8-inch pipe and one 
for 8- to 24-inch pipe. 


Figure 4-26. An abrasive saw can be used to quickly cut pipe 
as well as other metal on the job site. (Collins Machinery) 
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A ratchet handle (Figure 4-29), a power drive 
(Figure 4-30), or a universal drive shaft (Figure 


| 4-31) are all used to drive the blade-type geared 


pipe cutter, as well as the threader. 
Two different types of power drive are shown 
in Figure 4-30. The hand-held power drive is 


fitted with a square shank adapter that slips over 


the drive shank on a geared cutter or the drive 
shank on the geared threader. The power drive 
on wheels works in the same way as the hand- 
held power drive. It is just a heavier duty piece 
of equipment that need not be held by the plumb- 
er when cutting or threading. 

The universal drive shaft (Figure 4-31) is used 
with a portable pipe machine like the ones illus- 
trated in Figures 4-15 and 4-16. The shank end of 
the drive shaft is inserted into the chuck of the 


Figure 4-27. A geared threader can be used to thread pipe from 
2% to 6 inch diameter. (Ridgid Tool Co.) 


Figure 4-28. Grooves in pipe with diameters of 2 to 24 inches 
can be cut with an adjustable cut grooving tool. (Victaulic Com- 
pany of America) 


Figure 4-29. A ratchet handle can be used to drive the geared 
pipe threader. (Ridgid Tool Co.) 


HAND-HELD 
POWER DRIVE 


UNIVERSAL WHEELED 


POWER DRIVE Figure 4-30. Power drives can be used with the geared cutter 


or geared threader. (Ridgid Tool Co., Toledo-Beaver Tools) 


Figure 4-31. The universal drive shaft is used to connect the 
geared threader or groover to a small diameter pipe machine. 
(Ridgid Too! Co.) 
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machine, and the end with the square head 
opening is slipped over the drive pinion of the 
tool. | ` 
Assembiy Tools 


To assemble threaded pipe, the plumber will 
need to have on hand a variety of sizes and types 
of pipe wrenches, as illustrated in Figure 4-32.” 

The size and type of pipe wrench a plumber 
uses will be determined by the size of pipe being 
worked on, the closeness of the area in which to 
work, and on personal preference for a certain 
type of wrench. 

The straight pipe wrench (Figure 4-32) is avail- 
able in sizes from 6 to 60 inches. Straight pipe 
wrenches made from aluminum rather than mal- 


END PIPE WRENCH 


STRAIGHT 
PIPE WRENCH 


Figure 4-32. Pipe wrenches are used to assemble threaded pipe. 
(Ridgid Tool Co.) 
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leable iron are available. Aluminum wrenches 
have the advantage of being some 40 percent 


: lighter than malleable iron wrenches of the same 


size. Aluminum straight pattern pipe wrenches 
are made in 10-inch to 48-inch sizes. 
The end pipe wrench (Figure 4-32) is used in 


.areas where the pipe is hard to get at, such as 


when it is close to a wall, in tight quarters, or 
with other closely spaced parallel pipe lines. End 
pipe wrenches are made in 6- to 36-inch sizes. 
They are also available in aluminum in three 
sizes: 14, 18, and 24 inches. 

Table 4-2 lists the suggested wrenches to use 
with the various sizes of pipe. In addition, the 
table gives the approximate weight of each 
wrench. 

A ratchet and socket set can also be used for 
assembly. After the pipe coupling has been set 
into place on the grooved pipe, the assembly can 
be tightened by using a ratchet and socket set. 

Chain wrenches and chain tongs can also be 
used to tighten threaded iron pipe and fittings. 
They have the advantage of distributing the 
biting force evenly around the pipe without 
crushing it and are handy in close quarters, as 
the only clearance necessary is enough room to 
be able to wrap the chain around the pipe or 
fitting. Figure 4-33 illustrates several different 
types of chain wrenches and chain tongs. Chain 


TABLE 4-2. SUGGESTED WRENCHES TO USE WITH 
VARIOUS PIPE SIZES. 
WEIGHT OF WRENCH 
IN POUNDS 
WRENCH PIPE Steel Aluminum Aluminum 
LENGTH SIZE straight straight end 
(INCHES) (INCHES) and end wrench wrench 
wrench 
6 3/4 We —— ——- 
8 1 А ----- --- 
10 11/2 13/4 ] ---- 
12 2 2E 
14 2 31/2 2'/3 13/4 
18 21 58/4 32/3 31/2 
24 3 93/, 6 Ба 
36 5 19 11 
48 6 341/4 181/2 --- 
60 8 51"/4 - 
Ridgid Tool Co. 


HEAVY DUTY 
CHAIN WRENCH 


LIGHT DUTY 
CHAIN WRENCH 


SINGLE-ENDED 
JAW 
CHAIN TONGS 


REVERSIBLE 
JAW 
CHAIN TONGS 


DOUBLE-ENDED 


*| CHAIN TONGS 


JAW 7 


Figure 4-33. Chain wrenches or chain tongs are used to tighten 
threaded iron pipe. (Ridgid Tool Co., J. H. Williams and Co.) 


wrenches are usually used for working on small- 
er sizes of pipe while the chain tongs are for 
larger pipe. 

Pipe wrenches that multiply the turning force 
by compound leverage are also available. This 
type of wrench is called a compound-leverage 
pipe wrench or simply a compound wrench. (See 
Figure 4-34.) The advantage is that a compound 
wrench with a short handle can do the work of a 
wrench or chain tongs with a much longer han- 
dle. To use a compound wrench, strap the trun- 
ion portion with its chain to the fitting or pipe 
that is to remain stationary (much as if it were 
being strapped in a vise). The wrench is then 
slipped over the pin of the trunion, and the fitting 
or pipe is tightened into or loosened from the 
stationary end (held by the chain). The com- 
pound wrench is also very useful for taking apart 
threaded pipe in place for some time. 


WRENCH 


TRUNION 


Figure 4-34. A compound wrench multiplies the force applied 
to it to produce more turning force. (Ridgid Tool Co.) 
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SMALL 
DIAMETER 
CUTTER 


LARGE CUTTER 


А SMALL 
QUICK-OPENING 
CUTTER 


LARGE 
QUICK-OPENING 
CUTTER 


Figure 4-35. Copper tubing cutters leave a ridge on the inside 
of the pipe which will cause a restriction in the flow of fluid. 
(Ridgid Tool Co., Imperial-Eastman Corp.) 


о COPPER TUBING TOOLS 


Cutting Tools. Some copper tubing cutters 
are illustrated in Figure 4-35. All the tubing 
cutters shown are wheel-type cutters that cut 
copper in the same way the iron pipe cutters cut 
iron pipe. They do not cut by removing any metal; 
rather, the cutting wheel forces its way into the 
wall of the tubing until it cuts through. 

Copper tubing cutters are available in a range 
of sizes that will cut copper tubing from 1/4- to 


4-inch nominal size. The small diameter cutter · 


is typical of the type of cutter that will cut сор- 
рег up to and including 2 inches in size. Тһе 
larger cutter is typical of the cutters available for 
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copper tubing over 2 inches and up to 4-inch 
nominal size. 


The quick-opening cutters are both quick- 
opening and closing. The handle does not have 
to be threaded into the tubing; it merely needs to 
be pushed down to the copper before the actual 
cutting is started. To open the cutter, it is not 
necessary to unscrew the handie; a release nut is 
merely pressed and the handle can then be 
drawn back. 

In prefab shops or on job sites where there is a 
large amount of copper tubing being installed, 
copper tubing will sometimes be cut on an 
abrasive saw. 


Figure 4-36. The combination inside-outside reaming tool is 
used for '/- to 1'?-inch copper tubing. (Ridgid Tool Co.) 


Reamers. Since wheel-type cutters leave a 
ridge on the inside of the tubing, it must be 
removed or it will cause a restriction in the flow 
through the pipe. Cutters for the smaller sizes 
of copper tubing have reamers built into the body 
of the tool. Figure 4-36 illustrates a combination 
inside-outside reamer for copper tubing 1/4- 
through 1'/»zinch nominal size. Copper tubing 


COPPER TUBING 
CLEANING TOOL 


_ «A 


ABRASIVE 
SANDCLOTH 


may also be reamed with either a round or half- 
round file. 

Cleaning Tools. To prepare copper tubing 
and fittings for solder, the outside of the pipe 
and the inside of the fittings must be mechani- 
cally cleaned bright. This can be done with the 
tools illustrated in Figure 4-37. 

The copper tubing cleaning too! is for clean- 
ing inside and outside of '/2- and ?/4-inch nomi- 
nal size copper tubing and fittings only. Al- 
though it only cleans these two sizes of copper 
tubing, it is still a very useful tool for residential 
work where most of the plumbing involves '/2- 
and ?/4-inch copper tubing. 

Individual copper tubing c/eaning brushes are 
available for copper tubing from '/s- to 1-inch 
nominal size. For cleaning copper tubing larger 
than 1-inch nominal size (and any of the smaller 
sizes), the plumber can use abrasive sandcloth, 
which is available in roll form. 

Copper tubing fitting brushes are available for 
cleaning the inside of copper fittings from '/s- to 
21/5-inch nominal size. Larger copper fittings 
will have to be cleaned with abrasive sandcloth. 


COPPER TUBING 
FITTING BRUSH 


Figure 4-37. Copper tubing and fittings must be cleaned 
thoroughly before assembly. (Ridgid Tool Co., Mill-Rose Co.) 
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Figure 4-38. A copper-cleaning machine will clean both the out- 
side of the pipe and the inside of the fitting, as well as deburr 
the cut end of the tubing. (Ridgid Tool Co.) 


In prefab shops, there will usually be a 
copper-cleaning machine (Figure 4-38) for clean- 
ing the copper tubing and fittings. 

Soldering Tools. To make a copper tubing 
solder joint, heat the joint to the melting point of 
the solder being used. Use an air-acetylene torch 
(Figure 4-39) or a propane gas torch (Figure 
4-40). A striker should be used to light these 
torches (Figure 4-41). 

Flared Copper Tools. Flared copper joints 
require the use of special tools (Figure 4-42). 
The flaring tool is driven into the end of the 
copper with a hammer to form the flare. Each 
size of copper tubing requires a different size 
flaring tool. The yoke and screw flaring tool 
flares several different sizes of copper with the 
same tool. To flare with this tool, the copper 
tubing is inserted into the yoke, flush with the 
top surface of the yoke, and clamped firmly. The 
screw portion of the tool is then tightened down 
into the copper, forcing it to flare out into the 
yoke. The copper tubing cutter (Figure 4-42) is 
basically the same as the other cutters shown 
in Figure 4-35. The only difference is that the 
rollers are grooved so that a flare can be cut off 
very close to the end to minimize waste. 
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Figure 4-39. An air-acetylene torch can be used to heat solder 
joints. (Ridgid Tool Co.) 


Figure 4-40. Solder joints can be heated with a propane torch 
kit. (Ridgid Tool Co.) 


Figure 4-41. A friction lighter should be used to light an air- 
acetylene or propane torch. (Ridgid Tool Co.) 
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Bending Tools. There are occasions on the 
job when it is desirable to bend copper tubing 
rather than to use a fitting to make a change in 
direction or an offset. Small diameter (up to 
3/4-inch nominal size or "/s-inch outside diame- 
ter) copper tubing may be bent with the tools 
shown in Figure 4-43. The use of these tools will 
produce a smooth bend in the tubing without the 
danger of kinking it. АП of the tools illustrated 
are for bending one size of tubing only. A differ- 
ent size tool is required for each size of tubing. 

The spring bender is used to bend soft temper 
copper tubing from '/4-inch to 7/s-inch outside 
diameter. The spring is slipped over the end of 
the tubing to the area of the bend and then the 
spring and the tubing are bent together. After the 
bend is completed, the spring is slipped back off 
the tubing. 

The /ever-type bender is for bending hard or 
soft temper tubing having a ?he-inch to '/2-inch 
outside diameter. The geared ratchet-type bend- 
er is for bending hard drawn copper tubing 
having а 5/e- to 7/s-inch outside diameter. Both of 
these benders operate in the same fashion. The 
ratchet bender is geared to make the bending 
operation easier on the larger sizes of hard 
drawn tubing. To use both of these tools, insert 
the tubing into the bending form and then using 
the handle, bend the tubing to the desired angle. 


HAMMER TYPE 
FLARING TOOL 


YOKE AND SCREW 
FLARING TOOL 


COPPER TUBING 
CUTTER 


Figure 4-42. Special tools are needed for flared copper joints. 
(Ridgid Tool Co.) 


LEVER-TYPE BENDER 


GEARED RATCHET-TYPE BENDER 


Figure 4-43. Copper tubing up to %-іпсһ diameter сап be bent 
several ways without kinking it. (Ridgid Tool Co.) 
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(9) PLASTIC РІРЕ TOOLS 


Plumbers use several types of tools for cutting 
plastic pipe and tubing (Figure 4-44). Plumbers 
use the universa! saw for cutting plastic waste 
and vent pipe. A chop saw may also be used 

. when equipped with a toothed saw blade. The 
ratchet cutter is used for cutting plastic pipe and 
tubing up to 17/2-іпсһ outside diameter. The tube 

UNIVERSAL SAW [ cutter is used for cutting PB plastic tubing. 
Another tool used is the common hacksaw, 
which is an excellent tool for cutting plastic pipe 
and tubing as long as the plumber is careful to 
make a square cut. In addition, a copper tubing 
cutter when fitted with a deep cutter wheel de- 
signed for plastic pipe can also be used. 

Any saw cut on plastic pipe tends to leave a 
very ragged burr that must be removed or it will 
cause an obstruction in the pipe. A p/astic pipe 
deburring tool (Figure 4-45) is used to remove the 
inside burrs and outside ridges from plastic pipe. 
A round or half-round file or a pocket knife will 
work as well for deburring plastic pipe. 
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RATCHET CUTTER 


TUBING CUTTER 


HACKSAW 


Figure 4-44. Plumbers can use several different types of tools 
for cutting plastic pipe and tubing. (Ridgid Tool Co., Vanguard Figure 4-45. A plastic pipe deburring tool is used to remove burrs 
Plastics, Inc.) and ridges from plastic pipe. 
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Figure 4-46. A crimping tool is used to tighten the clamping ring + 


on a PB plastic insert fitting joint. (Vanguard Plastics, Inc.) 


Figure 4-47. When plastic water service tubing must be flared, 
a flaring tool is used to do the job. (Reed Mfg. Co.) 


Two other tools used with plastic pipe and 
tubing are the crimping tool and flaring tool. A 
crimping tool (Figure 4-46) must be used to crimp 
the clamping ring used with the PB plastic insert 
fitting joint. The crimping tool shown is а combina- 
tion tool for crimping the clamping rings on both 
12- and 3/4-іпсһ PB tubing. Individual crimping 
tools for 1/2-іпсһ and 3/4-іпсһ clamping rings аге 
also available. 

Figure 4-47 illustrates a f/aring tool for flaring 
plastic water service tubing when this tubing is 
used with flare-type fittings. 


FINISHING TOOLS 


The tools that have been mentioned previously 
in this chapter have mainly been for the installa- 
tion of the plumbing system prior to the final 
setting ОҒ fixtures or finishing. Finishing tools 
are those used for final setting of plumbing fix- 
Tunes: 


Assembly Tools 


Figure 4-48 shows several smooth-jawed tools 
that are used for tightening the chrome-plated 


SMOOTH-JAWED 


SPUD 
WRENCH 


| OFFSET 
|! HEX WRENCH 


СИ 


NE 
а 


Figure 4-48. Smooth-jawed tools are used on chrome-plated fix- 
tures to prevent marring of the finish. (Channel Lock, Ridgid Tool 
Co.) 
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nuts that secure plumbing fixtures to their 
mounting place. They are also used to tighten 
the various slip nuts that secure trap connec- 
tions and flush valves to the fixtures without 
`таггіпо the chrome plating. The tools used are 
the smooth-jawed pliers, spud wrench, offset 
hex wrench, and adjustable wrenches. In addi- 
tion to the illustrated smooth-jawed tools, the 
‘plumber will also use an assortment of combina- 
tion wrenches, box end wrenches, and a set of 
socket wrenches and a ratchet. (See Figure 
4-49.) 

The basin wrench (Figure 4-50) is used to 
extend the plumber's reach behind fixtures to 
tighten the water supply connections to the 
faucet and to tighten up slip nuts on fixture traps 
in tight places. Basin wrenches are available 
with different sizes of jaws to take nuts from 
3/g-inch to 27/2 inches in size. 

The closet seat wrench (Figure 4-51) is de- 
signed to accept the many different types of nuts 
that are used to fasten the closet seat to the 
closet bowl. The wrench ends are adapted for 
use with a leverage pin, adjustable wrench, or a 
ratchet. On some closet seats, adjustable 
wrenches, deep socket wrenches and a ratchet, 
or even a pliers will work as well. 

The strap wrench (Figure 4-52) is used for 
tightening chrome-plated pipe and fittings so 
that they will not be marred with wrench marks. 
Powdered rosin is sprinkled on the strap to help 
it bite on the smooth chrome surface. 

The basket strainer wrenches (Figure 4-53) are 
two highly specialized plumbing tools—they are 
used to tighten the nut that secures the kitchen 
sink basket strainer assembly to the sink. A large 
slip-joint pliers or a small pipe wrench may also 
be used for this purpose. 

The rim wrench (Figure 4-54) is used to tighten: 
the rim clamps that secure kitchen sinks and 
lavatories to the counter top. This tool holds the 
clamp while it is inserted into the rim and being 
tightened, and then releases when the clamp is 
tight. 

Screwdrivers (Figure 4-55) of both the regular 
and Phillips type in several sizes are also neces- 
sary tools for finishing work, for tightening the 


Figure 4-49. Several types of wrenches can be used for finish various screws and bolts on faucets and other 
work. (J. H. Williams and Co., Ridgid Tool Co.) plumbing fixtures. 


COMBINATION 
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4-50. A basin wrench is used to extend the plumber's 


Figure 4-53. Basket strainer wrenches are used to tighten the 
nut that secures the basket strainer to the sink. (Chicago Special- 


ty Mfg. Co.) 


THIS END 15 FOR USE 
ON 9/16” HEX AND 
9/16" SQUARE NUTS, 
AND 9/16" CAP NUTS. 


RIM 


THIS END 15 FOR 
USE ON 4-PRONG METAL, 
4-PRONG NYLON AND PLASTIC 
NUTS, PLASTIC WING NUTS, 

5/8” HEX AND 5/8" SQUARE NUTS. 
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4-51. The closet seat wrench is designed to fasten the 
seat to the closet bowl. (J. A. Sexaur, Inc.) 


HOLDING JAWS 
OPEN WHEN SPRING 
1S DEPRESSED 


Figure 4-54. The rim wrench holds the rim ciamp while it is be- 
ing secured to the countertop. (Chicago Specialty Mfg. Co.) 


REGULAR 


‚ 4-52. Chrome-plated pipe and fittings can be tightened SCREWDRIVER 


strap wrench. (Ridgid Tool Co.) 


PHILLIPS 
SCREWDRIVER 


Figure 4-55. Regular and Phillips screwdrivers are tools 
used in a variety of applications. 
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LARGE 
INTERNAL 
CUTTER 


SMALL INTERNAL CUTTER 


MIDGET TUBING 
CUTTER 


Figure 4-56. Specialized tubing cutters are used in close 
quarters. (Ridgid Tool Co.) 


Figure 4-58. A jab saw can be used to cut off floor-set water 
closet bolts or for making cuts in tight areas. (Ridgid Tool Co.) 
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Figure 4-57. Cast iron closet bends can be cut flush with the 
floor by using an internal cutter. (Capital Cutter) 


Cutting Tools 


some specialized tubing cutters are used for 
finish work (Figure 4-56). The /arge internal tub- 
ing cutter is used to cut off the excess length 
of waste tubing stubbed through the floor for a 
water closet or shower below the level of the closet 
flange or the shower strainer. It will cut 2-, 3-, or 
4-inch copper tubing or plastic pipe. 

The small internal cutter is used to trim off '/2- 
or 3/4-inch copper or plastic water supply pipes. 
This cutter will cut closer to the wall or floor than 
any other. 

The midget tubing cutter can be used in ex- 
tremely close quarters on small size copper or 
plastic tubing. It is available in two sizes to cut 
tubing up to 15/16-іпсһ outside diameter. 

An internal cutter is used for trimming off the 
excess length of cast iron closet bends flush 
with the floor so that the water closet can be set. 
(See Figure 4-57.) 

The jab saw (Figure 4-58) is used to cut off 
floor-set water closet bolts after the closet has 
been tightened to the flange. It is also a very 
useful tool for making hacksaw cuts in tight 
areas where a regular hacksaw will not fit. 


[s] LAYOUT AND 
MEASURING TOOLS 


Before any pipe is installed on a job, the 
location of the fixtures and the various water 
pipe and waste openings must be laid out. To do 
this, the plumber may need to use several layout 
tools (Figure 4-59). 

The builder's level is used to get piping eleva- 
tions and lay out pipe trenches in the open ditch 
or inside the building when there is no other 
surface to measure from. 

The 50- or 100-foot stee/ tape is used to 
measure long distances to save time and elimi- 
nate the error that can result from using the 
6-foot rule for measuring long distances. 

The chalk line and reelis a timesaving tool for 


BUILDER'S LEVEL 


laying out pipe lines on floors and ceilings. It is 
also used for laying out grid and wall lines on the 
floor in toilet rooms so that the plumber may 
accurately install his pipe before the walls are 
constructed. 

The plumb bob is probably the plumber's 
second most useful measuring tool after the 
6-foot folding rule. (The folding rule is shown in 
Figure 4-1.) Its uses as an aid in measuring and 
layout on the job are almost endless. A plumb 
bob can be used to center openings for pipes 
from one floor to the next. It can be suspended 
through an opening in the floor so that pipe on 
the floor can be run directly to the center of the 
opening. A plumb line can also be used to mark 
an opening so that accurate measurements can 
be taken to the line for cutting pipe. 
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Figure 4-59. Many different layout tools can be used to locate 


where the pipe and fixtures are to be placed. (David White In- 
struments, Div. of Realist; Lufkin Rule Co.) 


—— CUTTING AND BORING 
TOOLS 


After the locations of the plumbing fixtures and 
pipes are laid out, the plumber will have to cut 
holes for the pipe in the building walls and floors 
if the building is of wood frame construction. 
Some common woodcutting and boring tools 
are illustrated in Figures 4-60 through 4-63. 

The '/zinch right-angle drill (Figure 4-60) and 
the electric hacksaw (Figure 4-61) are almost a 
necessity for drilling and cutting the holes and 
openings necessary to install the plumbing pipes 
in wood frame buildings. 

The right-angle-type drill is preferred because 
the drill will fit between a 16-inch stud or joist 
space (Figure 4-60) and will drill a hole squarely 
through the stud or joist. When holes are drilled 
squarely through the stud or joist, the plumber 
can use the minimum size drill bit for the size 


pipe being installed, thus minimizing the loss of 
structural strength (a smaller hole causes less 
structural strength loss). An assortment of drill 
bits for this drill is also shown in Figure 4-60. 
The electric hacksaw (Figure 4-61) is used in 
wood frame construction to cut holes for pipe 
over 2 inches in size and for cutting openings 


` where pipes pass through the wood construc- 


tion at angles that make it impossible to drill the 
proper hole. When fitted with the proper blades, 
this saw has a variety of uses for the plumber. 
The saw can also be used to cut off copper 
tubing, or plastic or steel pipe that is already 
installed if an opening into an existing pipe line 
must be cut. 

The "/4inch electric drill (Figure 4-62), when 
used with spade bits, is a useful tool for drill- 
ing small diameter holes (/4- to 1'/2-inch in dia- 
meter) for water pipes in wood frame build- 
ings. The plumber will also find many other 


Figure 4-60. A right angle drill with an assortment of wood bits 
is used to drill holes for pipes in studs and joists. (Milwaukee 
Electric Tool Corp.) 
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Figure 4-61. An electric hacksaw can be used to cut holes in 
wood frame construction, as well as cutting copper tubing or 
plastic or steel pipe when fit with the proper blade. (Milwaukee 
Electric Tool Corp.) 


'4-INCH ELECTRIC DRILL 


Figure 4-62. A ',-inch electric drill can be used in many rough- 
in or finish situations. (Milwaukee Electric Tool Corp.) 
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Figure 4-63. A keyhole saw is used where it is impractical to 
use an electric hacksaw. 


uses for this drill when used with either the 
illustrated wood bit or a set of twist drills in both 
the rough-in and finishing stages of the job. 

The plumber will find а keyhole saw (Figure 
4-63) very handy for cutting openings where it is 
impractical to use an electric hacksaw. To use 
a keyhole saw, you drill a hole first and then work 
the saw blade through the hole to make the 
desired cut. 


[s] CONCRETE DRILLING 
TOOLS 


Not all plumbing is installed in buildings of 
wood frame construction. The majority of the 
larger buildings are constructed of reinforced 
concrete. The plumber working in buildings of 
this type of construction must be equipped to 
cut and bore holes for the pipe, pipe hangers, 
and supports in concrete. As a rule in new work 
in reinforced concrete buildings, the holes 
through the walls and floors will usually be 
sleeved in advance and inserts will be placed in 
the concrete for pipe hangers and supports 
where this is practical. However, because of 
additions and/or changes as the job progresses, 
the plumber will need to make use of concrete 
cutting and boring tools like those illustrated in 
Figures 4-64 through 4-67. 

The 3/e-inch hammer drill (Figure 4-64) is used 
mainly for drilling small diameter (up to %/16-inch) 
holes in concrete for pipe anchors. This tool 
drills concrete more efficiently than a regular 
drill motor because it “hammers” the bit while 
rotating it, resulting in faster and cleaner holes. 
In addition, the drill bits last longer when used in 
a hammer drill. The depth guide rod on the side 
of the drill is an aid for drilling anchor holes. 
After the bitis placed in the drill chuck, the rod is 
adjusted back from the end of the drill bit to the 
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Figure 4-64. A %/,-inch hammer drill can be used to drill holes 
up to ?/,4"inch in diameter in concrete. (Black & Decker) 


proper drilling depth for the type of anchor being 
used. The hole is then drilled until the depth 
guide rod reaches the surface of the concrete 
being drilled. 

The 2-inch rotary hammer (Figure 4-65) will 
drill holes in concrete up to 1'/s-inch diameter 


SOLID DRILL BIT 


CORE DRILL BIT 


Figure 4-65. А 2-inch rotary hammer will drill holes in concrete 


with solid drill bits and holes up to a 2-inch 
diameter with “соге-” type drill bits. A so/id bit 
and a core-type bit for use in this drill are also 


` shown. An adjustable depth guide rod is mount- 
ed on the side of this drill. When fitted with the 


proper size bit, this rotary hammer can be used 
to drill holes in concrete for anchors and for 


: small diameter (under a 2-inch outside diameter) 


pipe lines. Heavy duty rotary hammers are availa- 
ble to drill holes up to a 4-inch diameter in 
concrete with core-type bits similar to the type 
shown. А tool of this type is very useful for 
drilling holes for pipes in concrete where it is not 
possible to use a “wet” core drill. 

The core-type drill bit illustrated in Figure 4-65 
is for drilling concrete that does not have heavy 
steel reinforcing rod buried in it, as it is not 
designed to cut steel. Because most reinforced 
concrete has heavy steel reinforcing rod, it is 
necessary to use a wet core drill outfit like the 
one illustrated in Figure 4-66 to drill holes over 1 


inch in diameter. This core drill uses a hollow or 
core drill bit with industrial diamonds embedded 
in its cutting surface. These bits are available in 


ROTARY HAMMER 


up to 1%-inch diameter with a solid bit or up to 2-inch diameter 
with a core-type bit. (Black & Decker) 
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sizes from 1 to 14 inches in diameter. The 
diamond-faced cutting surface will drill either 
concrete or steel reinforcing rod with ease. The 
bits require a water supply to keep them cool 
and to flush the cut particles of concrete and 
steel out of the hole while it is being drilled. A 
water pressure tank as shown in Figure 4-66, or 
a garden hose may be used to supply water to 


TELESCOPING the bit through the center shaft of the drill motor. 
EN A core drill must be firmly secured to the 


surface being drilled. This may be done with a 
telescoping extension assembly that braces the 
unit firmly from the ceiling. The drilling rig may 
also be held in either the horizontal or vertical 
position by bolting it through the center of its 
base to an anchor placed in the concrete floor or 
wall. 

The last method of cutting and drilling holes in 
concrete is the oldest. A variety of heavy chisels, 
points, and star drills for use with a heavy һат- 
mer are illustrated in Figure 4-67. A sledgeham- 
mer for breaking up concrete basement floors is 
also shown. Eye protection should be worn when 
using these tools! 
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STAR DRILL 
Figure 4-66. A wet core drilling outfit is used for 
drilling holes in reinforced concrete. (Milwaukee 


L Figure 4-67. Hand tools can be used to cut or drill holes in con- 


crete. (Ridgid Tool Co., Mephisto Tool Co.) 
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Figure 4-68. In order to test the plumbing, test plugs are inserted 
into the fittings or pipe and then inflated. (Richmond Foundry 
and Mfg. Co., Cherne Industrial, Inc.) 


о TESTING TOOLS 


After each phase of the plumbing job is installed, 
the pipe must be tested for leaks. To do this, all the 
openings in the plumbing system must be plugged. 
Water, gas, and air pipe lines are usually plugged 
with iron pipe, copper, or plastic caps and/or plugs 
(depending on whether the pipe being tested is iron 
pipe, copper, or plastic). To test waste and vent 


Figure 4-69. A test gauge assembly is used for a rough-in test piping, the openings can be plugged with test plugs 
on waste and vent piping systems. (Figure 4-68). 
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Figure 4-70. A manometer and a halide torch may be 
required for a final air test. (Robinair Manufacturing, 
Union Carbide Corp., Linde Division) 


A tire pump for inflating the rubber test plugs is 
also illustrated. 

The rough-in test on waste and vent piping 
can be just a simple air test. A test gauge 
· assembly, similar to the one shown in Figure 
4-69, must be made by the plumber. A gauge 
assembly of this type can also be used for 
testing water, gas, air, and other piping. 

When the local plumbing code requires a final 
air test, a manometer and a halide torch, as 
illustrated in Figure 4-70, are required. (The use 
of all of these testing tools will be discussed 
more fully in Chapter 11.) 


MISCELLANEOUS TOOLS 


In addition to the previously mentioned tools, 
the plumber will need some of the following 
tools. 

To use any of the electric tools discussed in 
this chapter, the plumber will need a good 
three-wire extension cord (Figure 4-71). An elec- 
tric power source is rarely close enough to the 
work site to be reached with the cord on the tool. 
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Figure 4-71. A good three-wire extension cord may be needed 
if the plumber is using electric tools. (Carol Cable Co.) 


The aviation snips and sheet metal snips 
shown in Figure 4-72 are useful in all the phases 
of a plumbing job. The sheet metal snips make 
straight cuts. The aviation snips cut right- or 
left-handed curves. However, the straight avia- 
tion snips make straight cuts. 

A 24-inch /eve/ (Figure 4-73) is another tool 
that should be in every plumber’s tool box. It is a 
more accurate leveling tool than the torpedo 
level shown in Figure 4-1. 

Before the plumber can install any below- 
ground piping, a ditch will have to be dug with a 
pick and shovel (Figure 4-74). 

On larger jobs or in prefab shops, there will 
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Figure 4-72. Aviation snips and sheet metal snips are useful in 
many situations. (Ridgid Tool Co.) 


Figure 4-73. A 24-inch level is more accurate than a torpedo 
level. (Ridgid Tool Co.) 
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Figure 4-74. A pick and shovel may be needed to dig trenches 
for below-ground pipe. (Ridgid Tool Co.) 
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also be a need for a bench grinder (Figure 4-75) 
for sharpening tools and grinding the mush- 
roomed heads from caulking irons, chisels, and 
points. 

Large jobs and prefab shops will also have 
either a portable or table band saw (Figure 4-76) 
for cutting large amounts of hanger rod and 
hanger iron, and for trimming other metals. 

To lift pipe into position will require the use of 
some of the tools in Figure 4-77. The ratchet 
lever hoist or come-a-long and the hand hoist or 
chain fall are two very handy tools for this 
purpose. To lift pipe with either of these hoists, 
either nylon lifting slings or cable choker will 
have to be wrapped around the pipe to providea 
lifting place for the hook on the hoist. 

The plumber will also need various sizes of 


Figure 4-75. A bench grinder is useful for sharpening tools or 
grinding mushroomed heads of tools. (Milwaukee Electric Tool 
Corp.) 


stepladders (Figure 4-78) and some metal frame 
scaffolding to use because very little pipe is 
installed in locations that can be reached from 
the floor. 


BENCH BAND SAW 


PORTABLE BAND SAW 


Figure 4-76. Large amounts of hanger rod and hanger iron can 
be cut on a portable or bench band saw. (Ridgid Tool Co.) 
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Figure 4-77. Lifting pipe into position may require the use of 
hoists and slings or cable choker. (Chisholm-Moore Hoist, Div. 
of Columbus McKinnon Corp.) 


о REVIEW QUESTIONS 


1. Name the personal tools every plumber 
should always carry on the job. 

2. Why should pipe cut with a wheel-type 
pipe cutter be reamed after every cut? 

3. Torque wrenches for no-hub pipe joints 
are set to release at which of these inch-pound 
figures—30, 45, 50, 60? 

4. Why should pipe be reamed before it is 
threaded? 

5. Explain the purposes of using oil on the 
die when cutting threads. 

6. What is the advantage of a compound pipe 
wrench over a straight pipe wrench? Explain 
how this advantage works. 
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Figure 4-78. Stepladders may be needed to install pipe that is 
out of reach from the floor. (National Safety Council) 


7. What tools are needed to tighten grooved 
joint couplings? 

8. Why is it necessary to deburr plastic pipe 
after it is cut with a saw? 


9. What type of tool is used to tighten the joint 
on PB plastic insert fittings? 


10. Make a list of the smooth-jawed tools 
required to work chromium-plated pipe. 


11. How and for what purpose is a rim wrench 
used? 


12. Explain the uses of these special tools: 
Jab saw 
Chalk line 
Plumb bob 


CHAPTER 


A plumber’s ability to join various pipes to com- 
plete the plumbing system of the building is an 
essential skill. The plumber must know what kind 
of joint to use for each piping material and be 
able to make this joint watertight and, in the 
case of sewer gas, airtight. 

Imperfect joints allow the liquid content of 
pipes to escape. If this happens, property dam- 
age can result. Soil and waste pipe lines are 
often concealed in partitions or under the floor 
and if a joint fails for any reason, finished walls 
and ceilings can be damaged. 

The plumbing drainage systems contain many 
noxious sewer gases, which are detrimental to 
health if they are permitted to enter an occupied 
building through leaking joints in vent piping. 
These gases can affect the delicate breathing 
· mechanism of the human body and therefore 
must be controlled. 

A leaking joint on a sewer or drain installed 
below the surface of the soil would allow sewage 
to enter the subsoii and could contaminate the 
drinking water. A leaky joint of this kind might 
also allow soil to enter the drain ànd cause 
stoppage of the drain line. Leaky underground 
pipe joints in yard areas allow the entrance of 
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fine, fibrous tree roots. Once these roots have 
entered the pipe, they spread quickly until they 
fill the entire inside of the pipe and block it. A 
drain blocked with tree roots usually requires 
mechanical cleaning of the drain line, and some- 
times the pipe can be opened only by digging up 
the drain and replacing it with a new drain. 

For these reasons, plumbing codes require 
that waste, vent; and rainwater piping systems 
be pressure tested to ensure that they do not 
leak. (The testing of the various plumbing sys- 
tems will be fully explained in Chapter 11.) 

The joints of the water supply must be made 
with precision because these pipes are com- 
monly subjected to high pressures. A defective 
joint will not only permit a large quantity of water 
to escape in a few minutes, but it also can cause 
serious property damage. 

In addition to joining the various kinds of pipe, 
the plumber must install and support it in such a 
manner that the pipe and its joints will remain 
leakproof. For this reason, practices for install- 
ing, hanging, and supporting the various types 
of pipe will be covered in the last section of this 
chapter. 

The pipe joints in this chapter will be pre- 
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sented for the various piping materials in the 
same order as the materials were listed in Chap- 
ter 3 and the tools were covered in, Chapter 4. 
Therefore, you may refer back to these two 
chapters for more detailed pictures of the mate- 
rials and tools. 


[о] CAST IRON 
SOIL PIPE JOINTS 


There are two different types of cast iron soil 
pipe: bell and spigot soil pipe and hubless (no- 
hub) soil pipe. Bell and spigot soil pipe joints are 
either caulked joints or mechanical joints, made 
with preformed, molded neoprene rubber com- 
pression gaskets. No-hub soil pipe is joined by 
means of a stainless steel clamp assembly sur- 
rounding a sealing sleeve of neoprene rubber. 


Caulked Soil Pipe Joint 


A caulked joint in soil pipe is made with molten 
lead and oakum caulked with caulking irons to 
make the joint watertight. (These tools were 
shown in Figures 4-3 and 4-4 of Chapter 4.) 
Oakum is hemp that has been treated with pitch 
to make it waterproof and resistant to the ele- 
ments in the waste. Lead is available in 25-pound 
bars. A bar of lead and a strand of oakum are 
pictured in Figure 5-1. 

The lead is heated on a plumber's lead furnace 
(Figure 4-4) and poured with the ladle. The lead 
should be heated until it is hot enough so that it 
does not stick to the ladle, but not red-hot. 
Overheating the lead just burns it into slag. Be 
very careful when adding lead to the molten pot! 
Any lead that is damp or frozen will explode 
when added to a lead pot partially full of molten 
lead. To avoid this, preheat wet or frozen lead on 
the side of the furnace before adding it to a pot 
containing any molten lead. 

The steps required to make a caulked lead and 
oakum soil pipe joint are: 

1. Cut the soil pipe to the required length with 
one of the cutters pictured in Figure 4-2 of 
Chapter 4 or as illustrated in Figure 5-2. 

2. After the pipe is cut, wipe the hub (bell) and 
spigot ends of the pipe dry and clean of foreign 
material. Moisture in the hub can cause the pipe 
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to split when the molten lead is poured because 
the trapped moisture may turn to steam and 
cause a small explosion. 

3. Assemble the pipe, aligning and spacing 


the joint carefully. The spigot end of the pipe 


must go to the bottom of the hub so that the 


. oakum will not be pushed into the pipe. 


Figure 5-1. A strand of oakum and a 25-pound bar of 
caulking lead. 


Figure 5-2. Cutting cast iron soil pipe with a squeeze-type 
cutter. 


4. Yarn (Figure 5-3) and pack (Figure 5-4) 
oakum into the hub to a depth of 1 inch from the 
top. No loose oakum fibers should protrude. 
Loose fibers may be removed easily by packing 
them with a yarning or packing iron heated in the 
molten lead in the lead pot. 

5. Pour the molten lead into the vertical soil 
pipe joint as shown in Figure 5-5, filling the joint 
in one pour. (The ladle used should be large 


enough to fill the joint in one pour.) On horizon- 
tal soil pipe joints, an asbestos running rope is 
placed around the pipe and clamped tightly at 
the top, forming a gate for pouring the lead. The 
rope should be tapped lightly against the hub 
with the caulking hammer to make it fit tightly 
against the hub so that the molten lead will not 
run out between the hub and the running rope. A 
wad of oakum is placed under the clamp to 
retain the lead up to the top of the hub. The lead 
is then poured into the gate, filling the joint to 
the top, as shown in Figure 5-6. The running 
rope is removed after the lead solidifies. 

6. After the lead solidifies, in both the vertical 
and horizontal joints, the lead is driven down 
in four places around the hub with the caulking 
hammer and the inside caulking iron to set 
the joint. On horizontal joints, the neck of ex- 
cess lead left in the pouring gate is cut off with 
a hammer and chisel at this time, as shown 
in Figure 5-7. 

7. The soil pipe joint (whether in the horizon- 
tal or vertical position) is then caulked around 
the inside edge with the inside caulking iron. The 
iron is moved slowly around the joint and struck 


Figure 5-3. Yarning oakum into the soil pipe joint. 


Figure 5-4. Packing oakum into the soil pipe joint. 


Figure 5-5. Pouring molten lead into a vertical soil pipe joint. 
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with the caulking hammer. (See Figure 5-8.) 

8. After the inside edge of the joint is caulked, 
the outside edge is caulked in the same manner. 
with the outside caulking iron. (See Figure 5-9.) 

Figure 5-10 pictures a cut-away view of a 
finished caulked lead and oakum joint. The oper- 
ations shown in Figures 5-3 to 5-10 were per- 
formed on a special piece of soil pipe that was 
designed so that the hub could be split to allow 
the apprentice tc inspect the finished joint. 


Figure 5-8. Caulking the inside edge of the soil pipe joint. 


Figure 5-7. Cutting off the excess neck of lead on а horizon- Figure 5-10. Sectional view of a lead and oakum soil pipe 
tal soil pipe joint. joint. Notice that the lead is approximately 1 inch thick. 
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Compression Gasket Soil Pipe Joint - 

Compression gaskets are made from neo- 
prene rubber. The gaskets are manufactured in 
two weights: service weight, for service weight 
soil pipe and fittings, and extra heavy, for extra 
heavy soil pipe and fittings. The two types of 
gaskets are not interchangeable. 

The compression gasket soil pipe joint is made 
as follows:* 

1. Clean the hub and.spigot so that they are 
reasonably free from dirt, mud, gravel, or other 
foreign material. 

2. When using cut pipe, the sharp edge on the 
cut end of the. pipe must.be removed because 
this sharp edge may jam against the gasket. 
Although the sharp edge will not damage the 
gasket, it will make it difficult to join the pipe. 
The sharp edge may бе гетомеда by peening with 
a hammer (Figure 5-11) or, by rasping with a file 
(Figure 5-12) until the sharp outer edge is slight- 


ly rounded. 

3. ) . This 
may be done in two ways: by folding the gasket 
or by bumping the gasket. 


the gasket up- 
right with your thumbs at the bottom. Fold the 
bottom of the | 


it were to be turned inside out. 

ure 5-13.) | ; 
making sure that the gasket ring is in the groove 
of the hub. Release the gasket, and it will unfold 
into the pipe hub, as shown in Figure 5-14. This 
method is especially recommended for installing 
the smaller diameter gaskets, because they are 
more difficult to insert. 


*These instructions were supplied by the Tyler Pipe Com- 
pany for use with Tyler’s Ty-Seal Gasket. 


Figure 5-11. Peening the cut end of soil pipe with a hammer 
to prepare the end for inserting into a rubber compression 
gasket. (Tyler Pipe Co.) 


Figure 5-12. Rasping the cut end of soil pipe with a file to 
prepare the end for inserting into a rubber compression 
gasket. (Tyler Pipe Co.) 


fittings, it may easier to bump the gasket into 


position by striking the fitting against a board or 
the fl 


Г. 


by brushing on a 
smooth, thin coat of lubricant (Figure 5-17) com- 


Joining, Installing, and Supporting Pipe 95 


pletely around the gasket (Figure 5-18). Be sure 
to coat the entire circumference of the gasket 
and give special attention to the inner seal. 
CAUTION: Do not overlubricate; no lubricant 
is required on the spigot end of the pipe. 
5. Using the tool of your choice, push or pull 


the spigot end of the pipe through both seals of 
the gasket. When ising TRE illustrated assembly 


tool on pipe, place the yoke of the tool behind 
the hub of the pipe (Figure 5-19), allowing the 
tool jaws to slip over the barrel of the pipe 
(Figure 5-20). Then, push the jaws as far from the 
hub as possible (Figure 5-21). Next, pull the 
handle toward the hub (Figure 5-22). Repeat 
this process until the spigot is through both 
seals of the gasket. You will feel it hit home. (If 
using a different tool than the one illustrated, 
follow the tool manufacturer’s instructions.) 


soil pi with a board. (Tyler Pipe Co. 
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Figure 5-17. A can of lubricant for a rubber compression 
gasket soil pipe joint. (Tyler Pipe Co.) 


Figure 5-18. Applying lubricant to an instalied rubber com- 
pression soil pipe gasket. (Tyler Pipe Co.) 


6. Installing fittings: To install fittings, force 
the spigot partially through the first seal and 
hold it in alignment, then drive it home with a 
lead maul. Strike the fitting either on the driving 
lug (Figure 5-23) or across the full hub (Figure 
5-24). Hit it hard! The lead will deform without 


Figure 5-19. Assembly of a rubber compression gasket soil Figure 5-20. Assembly tool jaws retracted. (Tyler Pipe Co.) 
pipe joint: Assembly tool stirrup placed behind the hub. 
(Tyler Pipe Co.) 
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Figure 5-21. Pushing the too! jaws as far from the hub as ' Figure 5-22. Pull in—pipe joined. (Tyler Pipe Co.) 
possible. (Tyler Pipe Co.) 
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harm to the fitting. When using another device 
for joining fittings (Figure 5-25), follow the man- 
ufacturer's instructions. 

Figure 5-26 illustrates a sectional view of a 
properly installed compression gasket pipe joint. 


Figure 5-26. Sectional view of a properly installed rubber 
compression gasket soil pipe joint. (Tyler Pipe Co.) 


Figure 5-23. Assembly of a rubber compression gasket soil е 


pipe joint using а lead maul to strike the fitting оп the driving The no-hub soil pipe Joint 15 made as follows: 
lug. (Tyler Pipe Co.) 1. Detach the neoprene sleeve from the stain- 


less steel clamp assembly (Figure 5-27). 


2. Sli he stainless ste 
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Figure 5-24. Assembly of a rubber compression gasket soil a e E a ш. 
pipe joint using a lead maul to strike the fitting across the Other tools suitable for tightening the ew 
hub. (Tyler Pipe Co.) clamps аге a 5/16-inch nut driver, a '/4-inch ratch- 
et with a *hes-inch socket, or an electric nut 


driver. (These tools are illustrated in Figure 4-7 
of Chapter 4.) 


(9) GALVANIZED STEEL РІРЕ JOINTS 


Plumbers use either a threaded joint or a cut 
groove joint to join galvanized steel pipe. Both 
the threaded joint and the cut groove joint may 
also be used to join other types of piping mate- 
rials, such as, black iron pipe; cast iron pipe; 


Figure 5-25. Using a chain tool to assemble fittings when 
using a rubber compression gasket soil pipe joint. (Tyler Pipe brass and copper pipe; and heavy-walled (sched- 


Co.) ule 80 and 120) plastic pipe. 
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Figure 5-27. Assembly of a no-hub soil pipe joint: Detach the 
neoprene sleeve from the stainless steel clamp assembly. 


Figure 5-28. Assembly of a no-hub soil pipe joint: Slide the 
stainless steel clamp assembly onto the pipe. 


Figure 5-29. Assembly of a no-hub soil pipe joint: Insert the 
spigot ends of the fitting into the neoprene gasket until they 
butt against the separator ring. 


Figure 5-30. Assembly of a no-hub soil pipe joint: Tighten 
the screw clamps with a preset torque wrench. 
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чинин 


The thread used on plumbing рїрехапа fittings 
is the American Standard Taper Pipe Thread, or 
МРТ. Тһе NPT is tapered 3 inch per foot of 
thread length so that the pipe and fittings will 
thread together (make up) tightly to form a 
leakproof joint. A section of NPT and a table 
showing its characteristics are illustrated in Fig- 
ure 5-31 and Table 5-1. | 

Since all pipe fittings are tapped with the 
internal (female) pipe thread at the factory when 
they are manufactured, the plumber need only 
make the external (male) pipe thread. To make 


TAPER 


Figure 5-31. American Standard Taper Pipe Thread (NPT). 


an external pipe thread, the plumber should 
follow these steps: 

1. кіздішенішбейідеыДыШбыШ5е (от pipe ma- 
chine) jaws. 

2 4 
Figure 5-32.) 


3. қдашыШшенідідсеінілеттігкікенідеді” | | 
original bore diameter (Figure 5-33) bec n 


unreamed pipe can be reduced in inside diame- 
ter by as much as 7/4 inch. 

4. (Figure 5-34) to 
the proper length while lubricating the die. The cor- 
rect thread depends on the diameter of the pipe. 
Table 5-1 illustrates the proper thread length for 


am IMPERFECT THREADS 
DUE TO LEAD OF DIE 


(See 


TABLE 5-1. 
CHARACTERISTICS OF THE AMERICAN STANDARD TAPER PIPE THREAD (NPT). * 


APPROXIMATE APPROXIMATE 


APPROXIMATE 


NOMINAL THREADS LENGTH OF NUMBER OF TOTAL THREAD MAKEUP, 
PIPE SIZE PER THREAD THREADS HAND AND WRENCH 
(INCHES) INCH (INCHES) ТО BE CUT (INCHES) 
1/8 27 3/g 10 та 
1/4 18 5/8 11 3/8 
3/8 18 5/8 11 3/g 
1/2 14 «nm 10 г 
3/4 14 ae 10 i 1/2 
1 111/2 7/8 10 EIS 
17/4 111/2 1 11 9/16 
11/2 111/2 1 11 9/16 
2 11'/2 1 11 5/8 
21/2 8 112 12 7/8 
3 8 11/2 12 1 
31/2 8 1°/в 13 11/16 
4 8 15/8 13 11/16 
5 8 13/4 14 13/14 
6 8 13/4 14 13/16 
8 8 17/8 15 15/14 
10 8 2 16 11/2 
12 8 2!/в 17 15/в 


*Dimensions given do not allow for variations in tapping and threading. 
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he various sizes of frere á 


t 
О 


6. Apply pipe joint compound to the male 
thread. (See Figure 5-35.) 

7. Start the fitting onto the pipe thread by 
hand and tighten the joint with a pipe wrench. 
(See Figure 5-36.) 

Although the illustrated threading and joining 
operations show the cutting, reaming, and 
threading of the pipe being done by a pipe 
threading machine, follow the same sequence of 
operations for threading pipe by hand using a 
pipe vise. 


Figure 5-35. Apply pipe joint compound to the male galvan- 
ized iron pipe thread. 


Figure 5-32. Cutting galvanized iron pipe. 


Figure 5-33. Reaming galvanized iron pipe. — == e жөнеп. 
Figure 5-36. Tighten the fitting onto the pipe with a pipe wrench. 
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The cut groove pipe joining method incorporates 
four basic components: a cut groove near the end 
of the pipe, and a coupling composed of a hous- 
ing, a gasket, and bolts and nuts (Figure 5-37). 

The groove configuration on the pipe end 
used by plumbers on galvanized steel pipe 45 
called a cut groove. The proper groove dimensions 
are essential for proper groove joint sealing. Table 
5-2 illustrates the Standard Cut Groove Specifica- 
tions for galvanized steel pipe. A cut groove 
removes less of the pipe's thickness than threading 
the same piece of pipe (Figure 5-38). 

The coupling body has housing segments made 
of ductile iron that fully enclose the gasket. The 
housing keys engage into the cut grooves around 
the full pipe circumference to secure the pipe ends 
together. Couplings are two-piece up to the 12-inch 
size. 

A resilient rubber gasket that conforms to the in- 
side of the housing seals the pipe as the housing 
segments are tightened. It is pressure responsive 
in that sealing action increases as the pressure 
within the pipe increases. 

Bolts and nuts secure the housing segments 
together. The heat-treated bolts have an oval neck 
which fits into oval-shaped holes in the housing. 
This permits tightening the nuts from one side of 
the coupling. 


GROOVE BOLT AND NUT 


Figure 5-37. The four components of the cut groove pipe joint 
are the cut groove, the housing, the gasket and the nuts and bolts. 
(Victaulic Company of America) 
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Nominal 


DEPTH OF 
CUT GROOVE 


DEPTH OF 
PIPE THREADS 


Figure 5-38. A cut groove removes less pipe thickness than 
threading a pipe. 


TABLE 5-2 
STANDARD CUT GROOVE SPECIFICATIONS 


O 
о 


Pipe Size 
(inches) 

Pipe Outside 
Diameter 
Groove 
Diameter 


To cut a groove on galvanized steel pipe a 
plumber would follow these steps: 

1: Secure the pipe in a vise (or pipe machine 
jaws). 

2. Cut the pipe to the required length. 

3. Ream the inside of the pipe. 


4. Мошт the grooving tool onto the pipe end To assemble cut grooved joint pipe and fit- 
(Figure 5-39). tings, the following steps are required: 
5. Attach the power drive (Figure 5-40) or drive 1. Disassemble the coupling components: 
shaft to the grooving tool. housing, gasket, bolts, and nuts. 
6. Rotate the grooving tool to cut the groove to 
the proper depth while generously lubricating the — they are clean (Figure 5-42). 
groove (Figure 5-41). A tool of the type pictured will, 3. Lubricate the gas lips and the complete 
when properly adjusted, stop removing metal from exterior of the ras іі 5-43). "Ене 
the pipe when the groove reaches the proper depth. 4. 
or fitting, being sure that the gasket lip does not 
hang over the pipe end (Figure 5-44). 


7. Remove the power drive and the grooving tool 
5. Butt the fitting or pipe ends together and 


from the pipe. 
8. Check the first groove cut on each size of pipe 
—grooves (Figure 5-45). 
6. Assemble the housing segments over the 


to see that it is the proper depth. 
. gasket, making sure the housing keys engage into - 
— the grooves on both sides (Figure 5-46). 


—finger tight (Figure 5-47). 
8. Tighten the nuts uniformly until the bolt. 


— firmly—metal to metal (Figure 5-48). No special 


Figure 5-39. After the pipe has been cut and reamed, the groov- 


| | d torque is — 
ing tool is mounted onto the pipe. (Victaulic Company of America) 


i -42. һері а 
Figure 5-40. A power drive сап be used to drive the grooving tool. А на се шер афв орау 
; i , are clean. (Victaulic Company of America) 
(Victaulic Company of America) 


Figure 5-41. Lubricate the groove generously as it is being cut. Figure 5-43. Lubricate the gasket lips and complete exterior of 
(Victaulic Company of America) | the gasket. (Victaulic Company of America) 
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Figure 5-44. Position the gasket on one 
end of the pipe flush with the pipe end. 
(Victaulic Company of America) 

of America) 


Figure 5-47. Insert the bolts into the housing and tighten with 
your fingers. (Victaulic Company of America) 


(9) COPPER TUBING JOINTS 


The three most common methods of joining 
copper tubing that a plumber will use are the 
solder joint with capillary fittings; the flared 
joint; and the compression joint. Solder joints 
are used on water lines and drainage lines. The 
flared joint is commonly used on underground 
water supply tubing, on tubing when it is not 
practical to use heat to solder, and on joints that 
have to be disconnected periodically. The com- 
pression joint is most commonly used on the 
exposed water supply tubing to plumbing fix- 
tures. 

Solder Joint 


ing free-flowing molten solder into the gap be- 
tween the fitting and the tube (Figure 5-49). Flux, 
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Figure 5-45. Butt the pipe and fitting to- 
gether and slide the gasket to the center 
between the grooves. (Victaulic Company 


Figure 5-46. Assemble the housing 
segments over the gasket, making sure 
that the housing keys engage into the 
grooves. 


Figure 5-48. Tighten the nuts uniformly until the bolt pads are 
firmly together. (Victaulic Company of America) 


applied first, acts as a wetting agent and when 
properly applied, permits uniform spreading of 
the molten solder over the surfaces to be 
soldered. Table 5-3 estimates the amounts of 
flux and solder typically required for different 
sizes of tube. 

The two types of solder most often used by 
plumbers are 95-5 and 50-50 wire solder (Figure 
5-50). The 95-5 solder is composed of 95 percent tin 
and 5 percent antimony, and 50-50 solder is com- 
posed of 50 percent lead and 50 percent tin. 
Because of the lead content, 50-50 solder is not 
recommended for use on potable water supply 
piping. In fact lumbing codes pr 


The 95-5 solder is more difficult to use than 50-50 
solder because it melts at a slightly higher 
temperature. Also, it has a very narrow pasty range. 
Pasty range is the temperature range between | 


CAPILLARY SPACE 
(EXAGGERATED FOR ILLUSTRATION) 


OPTI РРА РРА 


COPPER 
WATER 


Figure 5-49. Solder joints depend on capillary action. 


TABLE 5-2. TYPICAL CONSUMPTION OF SOLDER 
AND FLUX FOR 100 JOINTS (CUPS).* 
SOLDER FLUX 
TUBE SIZE REQUIREMENT REQUIREMENT 
(INCHES) (POUNDS) (OUNCES) 
1/4 0.25 | 0.50 
3/8 0.25 0.50 
1/2 0.40 0.75 
5/8 0.45 0.90 
3/4 0.50 1.0 
1 0.75 1.50 
11/4 0.90 1.75 
11/2 1.00 2.00 
2 1.25 2.50 
21/2 1.75 3.50 
3 2.25 4.50 
31/2 2.50 5.00 
4 3.25 6.50 
5 4.50 9.0 
6 8.50 17.0 
8 17.50 35.0 


___________________________________________--——_____н 


* Actual consumption depends on workmanship. 


MEME 


*Cooper Development Assn., Inc. 


which solder is neither completely solid or com- 
pletely liquid. It is the working temperature range 
for a particular type of solder, the range of 
temperatures between which the solder will flow 
properly into the joint. The 50-50 solder, which is 
easy to work with, has a 60°F (33.39 C) pasty range, 
while 95-5 solder has a pasty range of less than 
10°F (5.690). 

Solder is generally used in wire form, but paste- 
type solders are also available. Figure 5-51 
illustrates a can of 50-50 paste-type solder. 
These are composed of finely granulated solder 
in suspension in a paste flux. When using paste- 


Figure 5-50. The two types of solder most commonly used are 
50-50 and 95-5 wire solder. 
type solder, observe these four rules:* 

1. Wire solder must be applied in addition to 
the paste to fill the voids and assist in displacing 
the flux. Otherwise, the surfaces may be well 
tinned, but a good joint with a continuous bond 
may not exist. 

2. The paste mixture must be thoroughly 
stirred if it has been standing in the can for more 
than a very short time, because the solder has a 
tendency to settle rapidly to the bottom. 

3. The flux cannot be depended on to clean 
the tube. Cleaning should be done manually, as 
is recommended for any other flux and solder. 

4. Remove any excess flux. The functions of 
the soldering flux are to remove residual traces 
of oxides, to promote wetting, and to protect the 
surfaces to be soldered from oxidation during 
heating. The flux should be applied to clean 
surfaces and only enough should be used to 
lightly coat the areas to be joined. 

An oxide film may re-form quickly on copper 
after it has been cleaned. Therefore, the flux 
should be applied as soon as possible after 
cleaning. 


* Copper Je Handbook. (Copper Development Assn., 
n 


TEN M ce 


E ere. 


Figure 5-51. Paste-type solders are also available for use in 
solder joints. 
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ammonium. (Figure 5-51 illustrates one such 
flux.) 

Most liquid fluxes are “self-cleaning” fluxes, 
and their use involves a risk. Some past-type 
fluxes are also identified by their manufacturers 
as “self-cleaning,” and there is a similar risk in 
their use. There is no doubt that a strong corro- 
sive flux can remove some oxides and dirt films. 
However, when highly corrosive fluxes are used 
this way, there is always an uncertainty as to 
whether uniform cleaning has been achieved 
and whether corrosive action continues after the 
soldering has been completed. 


| | . 
to the required 


length with either a tubing cutter (Figure 5-52) or 
a hacksaw (Figure 5-53). 

2 о remove 
the small burrs left on the inside of the tubing by 
the tubing cutter or hacksaw. The tubing may be 
reamed with either the reamer attached to the 
tubing cutter (Figure 5-54) or a file (Figure 5-55). 

3. Clean the tube end using sandcloth, as 
shown in Figure 5-56. Steel wool or a wire brush 
may also be used for cleaning the tube end. 


Figure 5-52. When cutting copper tubing with a wheel cutter, 
tighten the roller slowly to minimize upsetting the tube. (NIB- 
СО, Inc.) 


Figure 5-53. When cutting copper tubing with a hacksaw, make 
sure it is held firmly in a vise or pipe machine. (NIBCO, Inc.) 


*As recommended by NIBCO, Inc. 
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Figure 5-54. Copper tubing may be reamed with a flat metal 
reamer. Take care not to flare or overream tubing. (NIBCO, Inc.) 


Figure 5-55. Copper tubing can be reamed with a round or half- 
round file. The outside edge should also be cleaned and 
smoothed. (NIBCO, Inc.) 


Figure 5-56. Copper tubing can be cleaned with fine grit sand- 
cloth. Very little surface needs to be removed. (NIBCO, Inc.) 


Figure 5-57. Clean the fitting socket with a fitting brush. (NIB- 
CO, Inc.) 


Figure 5-58. When using sandcloth to clean a fitting, be sure 
to clean the bottom of the socket. (NIBCO, Inc.) 


4. Olean the fitting socket with a fitting brush 


(Figure 5-57), steel wool, or sandcloth (Figure 
5-58). 


5. "Apply-flux-to-the-tube;end (Figure 5-59). 
6. itti (Figure 5-60). 


Tk. , 

8. Apply heat to the tubing first, but only 
momentarily so that the heat will transfer to the 
end of the tube (Figure 5-61), and then to the 
fitting (Figure 5-62) until solder melts when 
placed at the joint of the tube and fitting. 

9. Remove the flame and feed solder to the 
joint at one or two points until a ring of solder 
appears at the end of the fitting (Figure 5-63). 
The correct amount of solder is approximately 
equal to the inside diameter of the fitting— 1/2 
inch of solder for a '/2-inch fitting, 3/4 inch of 
solder for a 3/4-inch fitting, etc. 

10. Remove excess solder with a cloth while 
the solder is still pasty (Figure 5-64), leaving a 
fillet around the end of the fitting as it cools. 


Figure 5-59. Copper tubing must be fluxed to remove any addi- 
tional impurities. Use only enough flux to barely cover the sur- 
face. (NIBCO, Inc.) 


Figure 5-60. When fluxing a copper fitting, any dirty spots will 
show under the flux. Keep the flux container covered to prevent 
contamination. (NIBCO, Inc.) 


Figure 5-61. Apply heat momentarily to the copper tubing so that 
the heat will transfer to the end. (NIBCO, Inc.) 


Figure 5-62. Apply heat to the fitting, being careful not to 
overheat. (NIBCO, Inc.) 


Figure 5-63. Solder is added to the pre-heated joint. Do not melt 
the solder with the torch. (NIBCO, Inc.) 


Figure 5-64. Remove excess solder with a clean cloth while the 
joint is still hot. (NIBCO, Inc.) 


Flared Joint 


Impact or screw-type tools are used for flaring 
tube. The procedure for impact-flaring is as 
follows:* 

1. Cut the tube to the required length. 

2. Remove all burrs. This is very important to 
assure metal-to-metal contact. 

3. Slip the coupling nut over the end of the 
tube. 

4. Insert flaring tool into the tube end (Figure 
5-65). 

5. Drive the flaring tool by hammer strokes, 
expanding the end of the tube to the desired 
flare. This requires a few moderately light 
strokes (Figure 5-66). 

6. Assemble the joint by placing the fitting 
squarely against the flare. Engage the coupling 
nut with the fitting threads (Figure 5-67). Tighten 
with two wrenches, one on the nut and one on 
the fitting. 


*Copper Tube Handbook. (Copper Development Assn., 
Inc.) 
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Figure 5-65. Insert the flaring tool into the tube end. (Copper 
Development Assn., Inc.) 


206528 


Figure 5-66. Drive the flaring tool with a few moderately light 
strokes to obtain the desired flare. (Copper Development Assn., 
Inc.) 


Figure 5-67. Assemble the flare joint by placing the fitting 
squarely against the flare and engaging the coupling nut. Tighten 


with two wrenches Inc 


) 


(Copper Development Assn. 


Figure 5-68. Clamp the tubing into the flaring block. (Copper 
Development Assn., Inc.) 


Figure 5-69. Tighten the compressor screw to flare the 
tubing into the flaring block. (Copper Development Assn., Inc.) 
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Using screw-type flaring tools the procedure is 
as follows: 

Steps 1 to 3. Same as for impact-flaring, previ- 
ously described. 

4. Clamp the tube in the flaring block so that 
the end of the tube is slightly above the face of 
the block (Figure 5-68). 

5. Place the yoke of the flaring tool on the 
block so that the beveled end of the compres- 
sion cone is over the tube end. 

6. Turn the compressor screw down firmly, 
forming the flare between the chamber in the 
flaring block and the beveled compression cone 
(Figure 5-69). 

7. Remove the flaring tool. The joint can now be 
assembled as in Step 6 for impact-flaring. 


Copper Compression Joint 


A mechanical compression joint consists of 
the following parts (Figure 5-70): 
1. A compression joint fitting. 
2. A compression ring. 
3. A compression nut. 
4. The plain end of the copper tube. 


COMPRESSION NUT 


FITTING 


TUBE COMPRESSION RING 


\ 


DISASSEMBLED 


NUT RING 


TUBE FITTING 


Д 4 / . 
MNA SS 


УУУУ 
222) 


ASSEMBLED 


Figure 5-70. A mechanical compression joint consists of four 
parts. 


To assemble a mechanical compression joint for 
copper tubing, follow these steps: 
1. Cut the tube to the required length. 
2. Clean the tube end of any foreign material. 
3. Slide the compression nut onto the tubing. . 


4. Slide the compression ring onto the tubing. 

5. Slide the mechanical joint fitting over the 
tube end. 

6. Tighten the compression nut onto the fit- 
ting with a wrench. By tightening this nut, you 
compress the compression ring into the tubing 
and thus seal the joint. 


о PLASTIC РІРЕ JOINTS 


The various types of plastic pipe and fittings 
presented in Chapter 3 are joined together with 
one of four methods, depending on the physical 
uses to which the particular plastic piping will be 
put. The four methods used by plumbers to join 
plastic pipe and fittings are the: 

1. Solvent weld joint, 

2. Insert fitting joint, 

3. Compression fitting joint, and 

4. Flare fitting joint. 

Solvent Weld Joint 


Solvent weld joints are made by solvent bond- 
ing, producing a welded system much like a 
metal welded system. The primer апа solvent 
actually soften the material on the outside of the 
y Se TTA TSOP WI m 
together under the proper conditions, the two 
surfaces actually run together and fuse, creating 
one solid piece of material that is as strong as 
the pipe itself.* 

To get a permanent, welded joint, three things 
are necessary: 


1. The right primer and solvent for the plastic 
you are using. 
. A good interference fit. 
3. Proper preparation and installation tech- 
niques. 


PO 


Right Primer and Solvent. |t is important to 
use the right primer and/or solvent cement for 
each type of plastic. Both should be formulated 
specifically for the particular type of plastic you 
are installing. There is no such thing as a totally 
satisfactory "universal" solvent cement. Differ- 
ent plastics have different molecular structures, 
which require specific chemicals to penetrate 
properly. A "universal" solvent may give you a 
superficial, surface-to-surface bond, but not a 


*NIBCO Plastic Piping How-to-and-Why Pocket Handbook. 
(NIBCO, Inc.) 


properly welded joint. 

To assure a good solid weld with PVC and 
CPVC plastics, priming is essential, not optional! 
Priming cleans the surface, takes away the glaze, 
and starts the softening-up process. With ABS, 
however, you need only use ABS solvent to weld 
the joint. No primer is necessary. 

Good Interference Fit. Plastic pipe and fit- 
tings are precision manufactured to exact speci- 
fications to ensure a proper interference fit. Un- 
like copper fittings, the inside walls of plastic 
fitting sockets are tapered so the pipe makes 
contact with the sides of the fitting well before 
the pipe reaches the seat of the socket. Figure 
5-71 illustrates an interference fit. 

Before applying any primer or solvent, check 
for an interference fit—the pipe should fit only 
about halfway into the fitting socket. Later, after 
application of primer and/or solvent, you will 
easily be able to force the pipe all the way in, 
creating a tight bond with ample surface area to 
weld together into a single piece. 


BEFORE AFTER 
SOLVENT WELDING SOLVENT WELDING 


Figure 5-71. A good interference fit is needed between solvent 
weld plastic pipe and fittings. (NIBCO, Inc.) 

Preparation and Installation. The following 
installation techniques have been tested and 
proven correct for ABS and PVC plastic drain- 
age, waste, and vent systems, and for CPVC 
pressure systems. By following them carefully, 
you'll save time and assure a leakproof, perma- 
nent joint. These techniques are basically the 
same for all three types of plastics; differences, 
when they occur, are noted. 


1. Cut pipe squarely. Use a miter box or a 


sharp tube cutter with a special blade for plastic. 


Joining, Installing, and Supporting Pipe 109 


If the end is not square, the pipe will not seal 
correctly in the fitting, anda weak joint will result. 


2. Smooth the end of the pipe. Remove. the 
burrs on the end of the pipe after cutting, or the 
rough edge will scrape away the solvent during 
assembly. Use a pocket knife or special debur- 
ring tool—but make sure the end is perfectly 
smooth. 

3. Check for interference LS acere 
The pipe should go in only about halfway; it 
should not go in all the way to the seat of the 
fitting. This type of fit is essential to forming a 
strong, solid joint (Figure 5-72). 

4. Apply primer (PVC and CPVC only). Be sure 


-surfaces аге clean and dry. Use only primer 
specifically formulated for PVC and/or CPVC. 


Apply the primer first to the inside of the fitting, 
then to the outside of the pipe to the depth that 
will be taken into the fitting when seated. Be 
careful not to leave a puddle in the bottom of the 
fitting. Wait 5 to 15 seconds before applying 
solvent (Figure 5-73). 


5. Apply solvent cement. While the surfaces 


are still wet from the primer, brush on a full, even 
coating of solvent cement to the inside of the 
fitting. Again, be careful not to form a puddle in 
the bottom of the fitting. (Applying too heavy a 
coat or leaving a puddle in the fitting will usually 
result in some flow restriction.) 


Figure 5-72. Check for proper interference 
fit before applying primer or solvent. (NIB- 
CO, Inc.) 


Figure 5-73. Apply primer specifically 
made for CPVC or PVC pipe to the inside 
of the fitting and to the outside of the pipe 


Next, apply solvent to the pipe to the same 
depth as that of the primer. Make certain it's the 
correct solvent cement for the plastic you're 
installing! There is no "universal" solvent that 
will give totally satisfactory welded joints on all 
plastics. Use the right solvent for each kind of 
plastic (Figure 5-74). 

6. Fit and position the pipe and its fitting. Put 
the pipe and fitting together immediately, before 
the solvent evaporates. Use enough force to 
ЈЕ s e 


nsure that the pipe bottoms in the fitting socket. 
Give the fitting about а quarter uaaso ou 
it on. This will ensure even distribution an 
absorption of the solvent. Then hol joint 
_ firmly. for about 10. seconds cn 


weather) to allow the solvent to start bonding the 
two surfaces. If you position and release too 
soon, the interference fit will force the pipe out 
of the fitting (Figure 5-75). 
7. Check for the correct bead 

— Of cement that has been pushed out during 
assembly and alignment. If it doesn’t go all the 
way around the joint, it means you haven't used 
enough cement, and the joint could leak (Figure 
5-76). 

8. Игре off excess cement. If the bead looks 
complete, wipe off the excess cement with a 
clean rag, leaving an even fillet all the way 
around. This helps the joint cure faster (Figure 


5-77). 


Figure 5-74. Apply solvent cement to the 
inside of the fitting and to the outside of 
the pipe to the proper depth. (NIBCO, Inc.) 


to the proper depth. (NIBCO, Inc.) 


Figure 5-75. Put the pipe and fitting to- 
gether immediately after applying solvent. 


(NIBCO, Inc.) (NIBCO, Inc.) 


Figure 5-76. Check the joint to see that the 
cement bead goes all around the joint. 


Figure 5-77. Wipe off the excess cement 
with a clean rag, leaving an even fillet all 
the way around. (NIBCO, Inc.) 


Insert Fitting Joint 


Insert fittings for PE plastic tubing, of the type 
illustrated in Figure 3-13, are simply pushed into 
the pipe ends and secured with stainless steel 
clamps. ; 

The following three steps are all that is re- 
quired to make an insert fitting joint in flexible 
plastic tubing: 

1. Cut the tubing with a plastic tubing cutter, 
knife, or saw. 

2. Join the tubing after slipping the loose 
stainless steel clamps onto the tubing ends and 
pushing the insert fitting into the tubing ends up 
to the fitting shoulder (Figure 5-78). 

3. Slide the stainless steel clamps over the 
serrated portion of the fitting and tighten the 
clamps with a screwdriver. 


Figure 5-78. Slide the stainless steel clamps on the tubing and 
then push the insert fitting into place. 


To make the insert fitting joint used to join PB 
plastic tubing and the plastic insert fittings pic- 
tured in Figure 3-14, the Plastic Pipe and Fittings 
Association recommends the following steps: 

1. Cut the tubing squarely and remove any burrs. 

2. Slide the clamping ring onto the tubing and 
insert the fitting into the tubing (Figure 5-79). The 
fit between the fitting and the tubing must be 
snug. Do not use any lubricant. 

3. Position the clamping ring "/e to ‘/4-inch 
from the fitting shoulder. To prevent the ring 
from moving, it may be necessary to squeeze the 
ring slightly with your fingers or pliers. Make 
sure the clamping ring is straight on the tubing 
(Figure 5-80). 

4. Use the crimping tool to crimp the clamp- 
ing ring over the tubing. Make sure that the crimp- 
ing tool is centered on the ring, positioned at 
a 90? angle to the tubing and that the tool handles 
close completely. Do not double crimp. 

5. Check each crimp with the caliper gauge 
(Figure 5-81). If the gauge does not fit over the 
crimped ring it is undercrimped. Cut out under- 


crimped rings and fittings and replace them. 

6. Pressure test the system at 200 PSI for 2 
hours with water before enclosing any piping in 
the building walls. Expect a slight drop in 
pressure after 2 hours. This is normal. Cut out 
and replace any defective joints. 


Figure 5-79. Slide the fitting into the tubing after the clamping 
ring has been slid onto the tubing. (Vanguard Plastics, Inc.) 
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Figure 5-81. Check each 
crimp with a caliper gauge. 
(Vanguard Plastics, Inc.) 


Fw 


К 90° 
Figure 5-80. Make sure the 
clamping ring is in the proper 
position. (Vanguard Plastics, 
Inc.) 


Compression Fitting Joint 


The PB plastic compression joint fittings pic- 
tured in Figure 3-15 consist of a plastic fitting 
body onto which a brass lock nut containing a 
plastic locking sleeve is threaded. This compres- 
sion joint is made with the following steps as 
provided by the Brass Craft Company: 

1. Cut the tubing squarely to the required 
length. 

2. Push the tubing firmly into the fitting until 
it "bottoms out" (Figure 5-82). The slight resistance 
felt is the grabbing action of the locking sleeve. 

3. Using an open end or an adjustable wrench, 
tighten the brass lock nut until it bottoms 
against the fitting shoulder (Figure 5-83). A sec- 
ond wrench will help hold the fitting in position. 


Figure 5-83. An open end or 
adjustable wrench should be 
used to tighten the brass nut. 
(Brass Craft Mfg. Co.) 


Figure 5-82. Push the tubing 
firmly into the compression fit- 
ting. (Brass Craft Mfg. Co.) 
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Flare Fitting Joint 


The flare joint for flexible plastic tubing 
made by following these steps: 

1. Cut the tubing to length, preferably with а 
plastic tubing cutter. Cut squarely. 

2. Place the flare nut on the tubing. 

3. Insert the pilot plug of the flaring tool into 
the fitting, apply the clamping pliers, and rotate 
the tool 5 to 10 revolutions to complete the flare 
(see Figure 5-84). 

4. Assemble the joint by placing the flared 
tubing end against the fitting and tightening the 
flare nut onto the fitting (Figure 5-85). Use two 
wrenches: one wrench on the fitting and one 


wrench on the flare nut. 


Figure 5-84. Insert the plug of the flaring tool into the pipe and 
rotate it 5-10 revolutions. (Crestline Pipe Co., Inc.) 


€ 


Figure 5-85. Assemble the tubing and fitting and tighten the flare 


nut. (Crestline Pipe Со., Inc.) 


о INSTALLING AND 
SUPPORTING PIPE 


As was stated in the first part of this chapter, 
the plumber must install and support all pipe in 
such a manner that the pipe and its joints will not 
leak. Pipe that is not properly installed and 
supported can sag at the joints, causing them to 
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leak; the pipe may even break or crack between 
the joints because of stress. In addition, improp- 
erly installed and supported drainage piping can 
sag or shift from its proper grade or pitch, 
causing portions of drain line to form traps. 
These trapped portions of the pipe line fill with 
liquid and solid waste, which will block the pipe. 


Installation of Underground Piping 


АП of the pipe оп any given job is installed 
either above or below ground. The following are 
some basic rules for the installation of under- 
ground piping to be installed on a job. 

First, the plumber must make sure it is safe to 
work in the trench where the pipe is to be 
installed. (The rules for safe work in trenches 
were given in Chapter 2.) 

Then, after making sure that the trench is safe, 
the plumber can proceed as follows: 

1. Prepare the bottom of the trench for the 
pipe. The trench bottom should be relatively 
smooth so that the pipe will lie on a flat surface 
that is free from large lumps of dirt and rocks. In 
addition, if the pipe to be installed is a drainage 
pipe line, the trench bottom must be graded so 
that the pipe flow will drain by gravity. 

2. Lower the pipe carefully into the trench. 

3. Install the pipe. Holes should be dug at 
each coupling or bell so that the pipe will rest on 
its barrel, noton the pipe coupling or bell (Figure 
5-86). At this time, check drainage pipe to see 
that it has the proper grade. ІТ necessary, raise or 
lower the pipe by adding or removing dirt from 
under the pipe. Do not use scrap lumber to block 
the pipe up to grade. If the pipe must be raised 
by blocking, use concrete blocks and/or bricks. 
After the pipe is aligned and graded, the joint 
can be made. 


ыу 
2” 


BELL OR COUPLING HOLE 


Figure 5-86. Dig holes for the bell or coupling so the pipe will. 
rest on the barrel. (National! Clay Pipe Institute) 


4. When all of the pipe is installed in the 
trench, and before it is covered with dirt, the pipe 
line must be tested and inspected by the proper 
authorities. (The testing of pipe lines will be 
covered in Chapter 11.) 

5. Backfill the trench by hand, tamping the dirt 
around the pipe to fill any voids under the pipe 
so that the pipe does not act as a beam holding 
up the weight of the dirt being used to fill the 
trench. 

It is recommended by the manufacturers of 
most of the different types of pipe that the trench 
be backfilled and tamped in stages. The first 
stage is to backfill to the centerline of the pipe 
(Figure 5-87). The next stage is to cover the pipe 
with at least 1 foot of dirt (Figure 5-88). Back- 
filling and tamping around the pipe in these two 
stages should be done by hand; only fine materi- 
al, such as sand, gravel, loose dirt, etc., should 
be used. After the pipe is covered by hand with at 
least 1 foot of dirt, the trench can then be filled 
with heavier material, such as lumps of dirt, 
smaller rocks, etc. At this stage, machinery can 
be used to push the dirt back into the trench to 
fill it back to the original ground level. 

When backfilling with a machine, it is best to 
backfill and tamp the fill material in layers to 
avoid having the trench settle at a later date. 


Hanging and Supporting Above-Ground Piping 

Pipe installed in a trench is supported by the 
dirt it lies on. Since very little above ground 
piping can lie on a flat surface for its entire 
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Figure 5-87. The first stage of backfilling is to backfill and tamp 
to the centerline of the pipe. (Johns-Manville) 


Figure 5-88. The second stage of backfilling is tu backfill and 
tamp to at least one foot above the pipe. (Johns- Manville) 


length, the plumber must install the proper pipe 
hangers, which are anchored to the building 
construction to keep the pipe in alignment and 
leakproof. 

A variety of pipe hangers are designed to hold 
and support pipe in either the horizontal or 
vertical position. Figures 5-89 and 5-90 illustrate 
some of the more common pipe hangers used by 
plumbers. 


FOR SUPPORTING VERTICAL PIPE: 


RISER CLAMP 


CLEVIS HANGER ADJUSTABLE RING 


TRAPEZE HANGER 


FOR HANGING AND SUPPORTING PIPE FROM WALLS 
OR THE SIDE OF BEAMS AND COLUMNS: 


ONE HOLE CLAMP 


EXTENSION SPLIT 
CLAMP HANGER 
AND WALL PLATE 


MINERALAC HANGER 


Figure 5-89. Pipe hangers can be used to support both horizontal 
and vertical pipe. (B-Line System, Inc.) 
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FOR SUPPORTING ONE PIPE FROM ANOTHER 


SPLIT РІРЕ CLAMPS 
BACK-TO-BACK 


PIPE FIX 
BRACKET 


А 
STACK FIX BRACKET 


FOR HANGING METALLIC PIPE 
IN WOOD FRAME CONSTRUCTION 


TUBE STRAP 


'U' HOOK 
PIPE HOOK 


PERFORATED 


‘J’ HOOK BAND IRON 


FOR HANGING PLASTIC PIPE 
IN WOOD FRAME CONSTRUCTION 


E 


i WRAP AROUND ‘J’ HOOK 
2 CLAMP 


'J' HANGER 


DOUBLE 'J' HANGER 


Figure 5-90. Horizontal and vertical pipe can be supported with 
pipe hangers. (J-Hook Industries, Sumner Mfg. Co., Inc.) 

To hold the pipe hangers illustrated in Figures 
5-89 and 5-90 securely to the building construc- 
tion, you may use any of a large assortment of 
manufactured anchoring devices, such as con- 
crete anchors, concrete inserts, threaded rods, 
and other accessories. Some of these items are 
illustrated in Figure 5-91. 
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To aid the plumber in the installation of pipe 
hangers and supports, most plumbing codes 
specify exactly how the pipe must be supported. 
By following these local plumbing code rules for 
hanging and supporting pipe, the plumber will 
be sure that the pipe he installs remains in 
alignment and that the joints will not leak be- 
cause the pipe has sagged. 


ANCHORS —DRILLED IN CONCRETE OR BRICK 


NON-DRILLING 
ANCHOR 


WEDGE ANCHOR 


SLEEVE ANCHOR 


SPRING-TYPE EXPANSION BOLT 


TOGGLE BOLT 


PLASTIC INSERT KIT 


THREADED 


ROD COUPLING HANGER ROD 


Figure 5-91. Anchoring devices are needed in some situations 
to attach the pipe hangers to the building. 


Supporting Verti ipi 
rtical piping must be secured at sufficiently 


close intervals to keep the pipe in alignment. In 
addition, follow these requirements for vertical 
support of the types of pipe mentioned below:* 


1. Cast iron soil pipe (both hub-type and no- 
nubstype) Suppo te base and at each story 
in height. Rubber gasket joint soil pipe (hub - and 
no-hub-types) are supported at 5-foot intervals 
except where 10-foot lengths of pipe are used. 


2. Threaded iron pipe: Support at every other 
stor aR 

3, Copper tubing: Support at each story in 
а 


4. Plastic pipe, 112-і | | 
Support exposed pipe at 4-foot intervals. Sup- 
port concealed pipe the same as in requirement 
No. 5. 


5. Plastic pipe, 2-i | d larger: Support 
SL NN | 

! tic tubing: Support every 48 inches 
Ome 


Figure 5-92 illustrates the use of a riser clamp 
to support a vertical pipe at the floor, while 
Figures 5-93 and 5-94 illustrate the use of two Figure 5-92. A riser clamp can be used to support vertical pipe. 
other types of hangers for the support of vertical 
pipe between floor levels. 


*Minnesota Plumbing Code (1975). 


Figure 5-93. An И and wall plate can бе used Figure 5-94. * mpm. n be used to support 
to support vertical pipe. (Cast Iron Soil Pipe Research Assn.) vertical pipe. (Cast Iron Soil Pipe Research Assn.) 
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Figure 5-95. Hangers must be used to support no-hub pipe suspended from the ceiling. 


M e mm E 


The horizontal piping must be supported at 
sufficiently close intervals to keep it in alignment 
and to prevent sagging. (Underground piping 
must lie on a firm bed for its entire length.) 
Follow these requirements for hanger spacing 
on the types of pipe mentioned below: 

1. Cast iron soil pipe (hub-type): Support at 

- | t wh - of 
cast iron soil pipe are used. Hub-type soil pipe 
joined with neoprene compression gaskets must 
be supported on each side of the hub, so that 
the gasket does not bear the weight of the pipe. 

joint, except when the developed 

length between hangers e 
| joint. Hangers 
must be provided at each horizontal branch 
connection. Hangers must be placed on or im- 
mediately adjacent to the no-hub coupling. The 
no-hub coupling is not designed to support the 
weight of the pipe. The hangers on a typical 


<-2% X 4" 
4 SWAY BRACE 


[^ 


SOIL & WASTE 


STRAP IRON 


Figure 5-96. Horizontal pipe can be supported with a 2" x 4" 
Sway brace. (Cast Iron Soil Pipe Research Assn.) 
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length of no-hub pipe suspended from a ceiling 
would be placed according to Figure 5-95. 
Where no-hub soil pipe is suspended in excess 
of 18 inches from a ceiling by means of nonrigid 
hangers, it must be suitably braced against hori- 
zontal movement with sway bracing of the type 
shown in Figures 5-96 and 5-97. 


3. Threaded pi -j ; t 
at 6- er | 


à taba - 
e pipe conveys the waste 


from dishwashers or similar hot water wastes. In 
this event, it must be supported on continuous 
wood strips or angle iron for its entire length 
(Figure 5-98). 


arx 


ss 


STRAP IRON SWAY BRACE 


JOISTS 


SOIL & WASTE 


sway brace can be used to support 


Figure Айт. 
horizontal pipe. (Cast Iron Soil Pipe Research Assn.) | 


Figure 5-98. Plastic pipe must be supported on continuous wood 
strips or angle iron when conveying hot water waste. 
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Figure 5-99. A clevis ћапдег can be used to support a closet 


bend. 


SUB-FLOOR 


2. x 4” 


Figure 5-100. Closet bends must be supported both horizontally 
and vertically to prevent movement. (Cast Iron Soil Pipe Research 
Assn.) 


Support of Closet Bends 


Closet bends joined to a cast iron soil pipe 
stack by means of a rubber gasket joint or a 
no-hub coupling, or to a plastic stack with a 
solvent weld joint, must be adequately support- 
ed both horizontally and vertically to prevent 
movement in either direction. Figures 5-99 and 
5-100 illustrate the methods of supporting closet 
bends that will prevent them from moving. 


WO м. je SOLID CONCRETE 
ыт BLOCK OR BRICK 


Figure 5-101. A stac hould be supported underground 
with brick or concrete support. 


Support of Stack Bases 


Stacks must be adequately supported at their 
bases. To the plumber, this means placing a 
brick or concrete support under the fitting at the 
base of the stack when the stack base is below 
ground (Figure 5-101). If the stack base is above 
ground, a hanger would be placed on the base 
fitting or as close to it as possible (Figure 5-102). 


Figure 5-102. An above-ground stack base can be supported with 
a riser clamp. 
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(9) REVIEW QUESTIONS 


1. What major problems may result from 
leaking joints in a home plumbing system. 

2 Both sanitation and maintenance prob- 
lems occur when underground drainage piping 
leaks. What are these problems? How are they 
prevented? 

3. Describe two main types of soil pipe joints. 

4. When cast iron soil pipe is cut to length, 
how must it be prepared for joining? 

5. Explain the safety requirements for han- 
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dling lead for caulking joints. 

6. What special characteristic do all pipe 
threads have? 
_ 7. Why must a pipe be reamed before it is 
threaded? 

8. Name and describe the four kinds of joints 
used with copper tubing. 

9. Name four ways to join plastic pipe. 

10. Name three problems that result from faul- 
ty support of piping. 


CHAPTER 


Sanitary Drainage, 


Vent, and 


Storm Drainage 


In this chapter we will discuss the principles 
that govern the installation of sanitary drainage 
(soil and waste) piping, vent piping, and storm 
drainage piping. These principles are important 
to a plumber because he will need a thorough 
understanding of them to be able to design 
plumbing systems. 

The ability to design plumbing systems is an 
essential part of a plumber’s knowledge for two 
reasons: 

1. On many of the smaller jobs (especially new 
housing and remodeling work), there will be no 
blueprints of the piping to work from and the 
plumber will have to design the piping for the 
entire job. 

2. On larger jobs, even if the plumbing sys- 
tems are presented in detailed blueprints, the 
plumber is responsible for seeing that these 
systems are designed and installed within the 
requirements of the local plumbing code. 

A plumber can design the sanitary drainage, 
vent, and storm water drainage systems of any 


Piping 


building if he understands the principles of this 
chapter and has the following information about 
the building: 

1. The number and type of plumbing fixtures 
and appliances, floor drains, and roof drains on 
the job. 

2. The locations of these items. 

3. Where the pipes that supply the water to the 
fixtures and appliances and remove the waste 
can be run. (Has space been provided?) 

4. The piping materials to be used. 

5. Areas of conflict with structural features of 
the building and with other trades whose work 
must also be installed in the building. 


[s] SANITARY DRAINAGE 
PIPING 


Soil and Waste Pipes. The principles of sani- 
tary drainage presented in this chapter apply to 
two types of pipes: soil pipes and waste pipes. 
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Figure 6-1: Definition of horizontal and vertical pipe. 


fecal matter, with or without the discharge of 
other fixtures to the building drain or building 
sewer. 


These terms are important to the apprentice 
only in that a waste pipe is generally of a smaller 
size than a soil pipe. 


Horizontal and Vertical Pipes. Horizontal 


and vertical are two terms that will be used 
frequently in this chapter. Vertical and horizontal 
pipe angles are shown in Figure 6-1. 


Drainage Fixture Unit System 


Before any sanitary drainage piping can be 
installed on a job it must be sizo === 


. аде fixture unit system. 
The drainage fixture unit system was formulat- 
ed in tests conducted by the Uniform Plumbing 
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Code Committee, a group consisting of repre- 
sentatives of management, labor, and agencies 
of the U.S. government. Standard plumbing fix- 
tures were individually tested and the amount of 
liquid waste that could be discharged through 
their waste outlets in a given time interval was 
carefully measured. It was found that a lavatory, 
which is one of the smaller types of plumbing 
fixtures, would discharge through its waste out- 
let approximately 77/2 gallons of water in а 1- 
minute interval. This volume was so close to 1 
cubic foot of water that it was established as the 
basis of the drainage fixture unit system: 


of water (discharged in 1 minute) 


Based on the above value of 1 drainage fixture 
unit being equal to 7'/» gallons of water per 
minute of waste discharge and tests of various 
plumbing fixtures, waste water discharge rates 
have been established. Table 6-1, Drainage Fix- 
ture Unit Values for Various Plumbing Fixtures, 
shows these rates.* In addition to listing the 
individual plumbing fixtures and their drainage 
fixture unit values, Table 6-1 also lists the mini- 
mum size trap and drain for each fixture. This is 
the smallest size pipe that this fixture may drain 
into. This size must be used even if one of the 
sizing tables in this chapter should indicate that 
a smaller size of pipe would convey an equal 
number of drainage fixture units of waste. 


Sizing the Building Drain and 
the Building Sewer 


Tests conducted on horizontal drainage pipes 
have indicated that given sizes of pipe would 
discharge up to a certain number of drainage 
fixture units of waste without subjecting the 
plumbing system to plus or minus pressure. 
These tests were made on various installations 
of standard design. Changes in direction, mate- 
rials, grades, and other factors were carefully 
considered, and the discharge capacities for the 
different sizes of horizontal drainage pipes have 


*Note that all of the tables presented in this chapter were 
taken from the Minnesota Plumbing Code and apply only to 
the State of Minnesota. The apprentice must consult the 
local plumbing code for his area for its equivalent tables 
before sizing any pipe on the job in another area, as there 
may be some differences. À 


TABLE 6-1. 


DRAINAGE FIXTURE UNIT VALUES 
FOR VARIOUS PLUMBING FIXTURES 
€————— M ——  — шм wu И» S 


MINIMUM 
DRAINAGE FIXTURE 
TYPE OF FIXTURE FIXTURE TRAP AND 


UNIT VALUE DRAIN SIZE 
cuo eme o E "A-— U ы... Т” у ш 


Clothes washer (domestic џзе)................... 2 ІШЕ 
Clothes washer (public use іп groups of 


IEE ы тое кал КІ СҰРУ. 6 each 
: | => — ——— 9 
Licey MN C CEN TN ы т... НИИ. 2 11/2 
ЕИО or сиерйог....................... 1 11/4 
Drinking обам. ааа 1 11/4 
Dishwasher, дотезїїс........................ 2 11/2 
Dishwasher, соттегсісі...................... 4 2 
Floor drain with 2-inch майе................... 2 2 
Floor drain with 3-inch waste ................... 3 3 
Floor drain with 4-inch waste ................... 4 4 
аме АЕ eec 1, TP 1 11/4 
Laundry tray (one or two сотпрагітепі)............. 2 ІТ 


Shower (gang) рег ћеаа...................... 


Combination, sink and tray 


Папе росе ое) s RT rw ІП 

Combination, sink and tray (with one ігтар)........... 1975 
NN A ecc 30 ты" 

Domestic, with disposal опй.................... 11/2 
Оларт Geers ууу 5% DIT TT Л: 11/2 
ЕС а 257 укмы ШО 
Flushrim or bedpan washer .................... 3 
СНАГУ ЛИВ ЕЈ а me pace qa rcr 22225 ааа ER 2 
БЫ оп S a +. ro D eB UR оли оьшек; 2 
Cv» ООП апу а COO OO 0E LO LV BOO 11/2 
Commercial, flat rim, bar or соийег............... 11/2 


sh, circular or multiple (per set of faucets) ......... 11/2 
a Pedestal or Wall-Hung, with 3-inch 
trap (blowout and syphon jet)............. 3 
Wall-hung with 2-inch trap. .............. 2 


CE ase or Trap Size 


ПИ ШЕ хыл. ух. ьш о 217 
ПЕ. cM Те о E 
ПИВА ос елее л meer ey Таста Бы АМ 
UOT л к ЕК s ИЕ т у.с. 
ЗК UTC) СУОЛУ И ПИ И е НИ 
ДНИ СР aR vs. eee И T 
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| T in/ft. 
(dfu) 


been compiled into tables. Table 6-2 represents 
such a table for sizing building sewers, building 
= drains, and building drain branches from stacks. 
Figure 6-2 illustrates these terms to help clarify 


------------ them. 
Me іт. 14 inft. Үз infft. With the information contained in these tables, 
МР" MM NM OM the plumber can establish the total discharge of 

HE IER Eie cad all the fixtures in a building in drainage fixture 

EE. — ЕРІНЕ units and can select a size of drain to serve the 

—— 21 26 demand. 

—— 24 3l Horizontal Drainage Pipe Sizing EXAMPLE. 
36** 42** 50** To familiarize you with the drainage fixture unit 
180 216 250 system and its application to an installation of 
390 480 US plumbing, the following example is offered. 

А О eed Suppose a plumbing installation consisted of 
pete Тар и thirty water closets, twenty-eight lavatories, four 
2,900 3,500 4,200 MEM "M | и 
4,600 5,600 6,700 drinking fountains, three wall-hung urinals with 
8,300 10,000 12,000 a 2-inch trap, four 2-inch floor drains, and two 


— zm MERKUR MMC, service sinks. The sum of the drainage fixture 


ьи unit values of all the fixtures would be as given in 
**Not over two water closets. the following summary: | 


***Every building drain that receives the discharge of three or more 
water closets shall not be less than 4 inches in diameter. 
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BUILDING DRAIN 
Figure 6-2: Building drain and branches. (Ralph R. Lichliter) 
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DRAINAGE FIXTURE UNIT (dfu) SUMMARY 
No. dfu Total 


30 . Water closets x = 180 
28 Lavatories x 1 = 28 
4 Drinking fountains X 1 = 4 
3 = Urinals x 4 = 12 
4 2” Floor drains x 2 = 8 
2 Service sinks x 3 = 6 


Total drainage fixture units 238 


According to Table 6-2 (extending the diame- 
ter with a slope or pitch of '/4 inch to each foot) a 
5-inch building drain and building sewer would 
be required. 

Many plumbers believe that if they make a 
horizontal drainage pipe a size larger than is 
necessary they will increase its efficiency. How- 
ever, this is not the case. Scouring action is lost 
by increasing the size of the drain. With a larger 
pipe, the solids are carried along the bottom of 
the pipe and, because the water flow within the 
larger pipe is shallow and slow, they become 
separated from the water and remain in the 
drain. This may result in stoppage of the drain or 
branch, and often the entire building drain is 
affected. 

A horizontal drain of the proper size has a flow 
of about Уз of the pipe diameter. (That is, the 
pipe is Уз full of sewage.) This amount of sewage 
assures a scouring action. On the other hand, a 
drain too small in size is overtaxed by flow and is 
apt to produce syphonage, back pressure, and 
basement flooding. 

In addition to the total number of drainage 
fixture units that drain into a horizontal drain 
pipe, other factors must be taken into consider- 
ation when using Table 6-2. If the apprentice will 
study the notes at the bottom of that table he or 
she will notice three important items: 


1. No water closet is permitted to discharge its 
waste into a horizontal drain pipe less than 3 
inches in size. 

2. No more than two water closets may drain 
into a 3-inch horizontal drain pipe. 

3. Every building drain that receives the dis- 
charge of three or more water closets shall not 
be less than 4 inches in diameter. 


ақы 


ТАВІЕ 6-3. 
"MAXIMUM LOADS FOR > 
SON DRAINAGE FIXTURE UNITS- (diu) 
HORIZONTAL 
DIAMETER BRANCH 
OF DRAIN*— 
DRAIN i 
(INCHES) (dfu) 
ІШ 1 
11/2 23 
2 6 
21/2 12 
жж 32*** 
4 160 
5 360 
6 620 
8 uc IR 
10 ----- 
12 -——— 
15 —— 
ad i of the building drain. 


ot over two water closets. 
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One other item required by most plumbing 
codes is that all building sewers must be at least 
4 inches in diameter. 


Sizing Horizontal Branch Drains 


Another type of horizontal drainage piping 
that the plumber will install is the horizontal 
branch drain. A horizontal branch drain is a 
drain pipe extending horizontally from a soil or 
waste stack or building drain with or without 
vertical sections or branches. It receives the 
discharge from one or more fixture drains on the 
same floor as the horizontal branch and con- 
ducts it to the soil or waste stack or to the 
building drain. Figure 6-2 illustrates a horizontal 
branch drain in addition to several other key 
terms. Table 6-3 is a typical sizing table for 
horizontal branch drain pipes. 

Horizontal Branch Drain Sizing EXAMPLE. 
To familiarize you with the use of Table 6-3, the 
following example is offered. 
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What size horizontal branch drain would be 
required to serve 2 water closets, 2 lavatories, 2 
bathtubs, and 2 domestic kitchen sinks? 

By referring back to Table 6-1, we find the 
following information. 


DRAINAGE FIXTURE UNIT (dfu) SUMMARY 


No. _dfu_ Total 
2 Water closets X 6 = 12 
2 Lavatories x 1 = 2 
2 Bathtubs x 2 = 4 
2 Kitchen sinks X 2 = 4 


Total drainage fixture units 22 dfu 


Consulting Table 6-3, we find that a 3-inch 
horizontal branch drain would be required. 

As was the case with Table 6-2, the apprentice 
should carefully read the three notes at the 
bottom of Table 6-3, which give restrictions on 
the use of the sizing table. 

Another item of importance to the apprentice 
is that most plumbing codes require all under- 
ground drainage pipes to be at least 2 inches in 
diameter. 


TABLE 6-4. 


- MAXIMUM. LOADS FOR SOl AND WASTE STACKS 
IN DRAINAGE FIXTURE UNITS (diu). 


3-inch soil stack. 
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STACKS OF NOT TOTAL 
DIAMETER MORE THAN STACKS OF MORE AT ONE 
OF THREE STORIES OR THAN THREE STORIES STORY OR 
STACK BRANCH OR BRANCH BRANCH 
(INCHES) INTERVALS (BI) INTERVALS (BI) INTERVAL (BI) 
ІШІ» 2 2 1 
11/2* 4 4 Ё 2 
2* 9 18 6 
2'/2* 20 42 9 
3 36*** 72*** 24** 
4 240 500 90 
5 540 1,100 200 
© 960 1,900 350 
8 —— 3,600 600 
10 --- 5,600 1,000 
12 ---- 8,400 1,500 


*No water closets permitted on a stack less than 3 inches in diameter. 
**Not over two water closets permitted. 
***Not over six water closets permitted, and not over six branch intervals on a 


Sizing Soil and Waste Stacks 


After the horizontal building sewer and build- 
ing drain piping is sized, the plumber must size 
the vertical pipes or stacks that empty into these 
horizontal drainage pipes. Remember, stack is a 
general term for any vertical line of soil, waste, or 
vent piping extending through one or more stor- 
les. 

Tests have been conducted on various stack 
installations just as they have on horizontal 
drainage piping. These tests indicate that, in 
spite of what the apprentice might think, water 
does not flow down a stack in slugs of waste 
water separated by pockets of air. Rather, the 
waste water flows down the stack in a sheet 
around the inside walls of the pipe. Another 
factor these tests have shown is that the waste 
does not continue to accelerate as it falls down a 
tall stack, but that it reaches its maximum veloci- 
ty in about two normal stories or floor levels. 

The results of the tests on stack installations 
have led to the formulation of a stack sizing table 


based on the same drainage fixture unit method 
as the previously mentioned horizontal drainage 
pipes. Table 6-4 represents a typical stack sizing 
table. 

In Table 6-4, notice the term branch interval. A 
branch interval is a vertical length of stack at 
least eight feet high (it corresponds in general to 
a story height), within which the horizontal 
branches from one story or floor of the building 
are connected to the stack. (That is, one branch 
interval equals one floor of plumbing fixture 
drains.) Figure 6-3 illustrates several different 
stack installations and how the branch intervals 
are counted on each stack. Note that some 
branch intervals run more than one story of 
building height. | 

Some additional explanation of Table 6-4 is 
required. Table 6-4 is actually three tables in 
one. It lists the maximum number of drainage 
fixture units which may empty into: 


1. Stacks of not morethan three stories, with a 
maximum of three branch intervals. 

2. Stacks of more than three stories or three 
branch intervals. 

3. A stack on any one story or branch interval. 


Notice that in the 2-inch and larger sizes, the 
taller stacks (those over three stories or branch 
intervals) have a larger drainage fixture unit 
capacity than the shorter stacks. 

There are also three important notes at the 
bottom of Table 6-4: 

1. No water closets are permitted to drain into 
a stack less than 3 inches in diameter. 

2. No more than two water closets may drain 
into a 3-inch stack in any one story or branch 
interval. 

3. No more than six water closets may drain 
into a 3-inch stack, and 3-inch stacks may not 
have more than six branch intervals of waste 
emptying into them. 

There are several other regulations that apply 
to the sizing of plumbing stacks within build- 
ings: 

1. No soil or waste stack is permitted to be 
smaller than the largest horizontal branch con- 
nected to it. 

2. Any building in which plumbing is installed 


2ND 


15Т 


Figure 6-3: Branch intervals (ВІ). (Minnesota Plumbing 
Code) 


must have at least one stack vent or vent stack 
extended full size through the roof using not less 
than 3-inch pipe. This full-size stack should be 
the stack that is most remote from the location 
where the building drain leaves the building. 

Soil and Waste Stack Sizing EXAMPLES. 
The following examples are offered to help you 
understand Table 6-4. Figures 6-4 and 6-5 both 
illustrate stacks with two domestic kitchen sinks 
draining into them. These sinks are rated at 2 
drainage fixture units each, and each has a 
1'/2-inch trap and drain (Table 6-1). If the sinks 
empty into the stack on two different stories (or 
branch intervals) as illustrated in Figure 6-4, 
Table 6-4 indicates that a 17/2-іпсһ stack would 
serve the installation. 

However, if both sinks are installed on the 
same story as illustrated in Figure 6-5, a 2-inch 
stack is required because the far right column of 
Table 6-4 indicates that only 2 drainage fixture 
units may drain into а 1'/2-inch pipe оп any one 
story or branch interval. 
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Figure 6-4: Sizing a stack with kitchen sinks on two different 
floors. 
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Figure 6-5: Sizing a stack with two kitchen sinks on the 
same floor. 
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Offset Stacks. There will be occasions in 
which the plumber must install stacks that can- 
not continue vertically for their entire length for 
a variety of reasons. If a stack cannot continue 


vertically, it must be offset. An offset is a combi- 


nation of elbows or bends that brings one sec- 
tion of the pipe out of line but into a line parallel 


' with the other section. Figures 6-6, 6-7, and 6-8 


illustrate offset stacks. 

Stacks that are offset 45 degrees or less from 
the vertical, as shown in Figure 6-6, are sized as 
though they were straight vertical stacks. (Use 
Table 6-4.) 

However, if the stack must be offset morethan 
45 degrees from the vertical, as shown in Figure 
6-7, the stack is sized using the following proce- 
dure. 

1. The portion of the stack above the offset 
(section A in Figure 6-7) is sized the same as for 
a straight stack based on the total number of 
drainage fixture units above the offset. (See 
Tabie 6-4.) ) 

2. The offset portion of the stack (B) is sized as 
though it,were a horizontal building drain 
branch. (See Table 6-2.) 

3. The portion of the stack below the offset (C) 
is sized at least as large as the offset. 

4. In buildings of five or more stories with 
offset stacks, no fixtures should be set on the 
floor in which the offset occurs if there are 
fixtures that discharge their waste into the stack 
four or more stories above the offset. This ap- 
plies as well to the horizontal building drain 
branch from the stack. Fixtures that drain into 
the horizontal portion of offset stacks in these 
tall buildings under the above condition are 
subject to trap seal loss from back pressure (a 
point that will be fully explained in Chapter 8). 
This difficulty can be avoided if the drains from 
the fixtures near the base of the stack or stack 
offset connect to the horizontal pipe at least 
eight feet away from the offset measured verti- 
cally or horizontally. The drain may also connect 
back into the vertical portion of the stack two 
feet below the offset. Figure 6-8 illustrates where 
these connections might be made. 

The above rules do not affect stacks that are 
offset above the highest fixture drain connected 
to the stack. Offsets in this vertical portion of the 
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Figure 6-6: A 45% offset stack may be considered as a straight 
stack in sizing. 
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Figure 6-7: Sizing а stack offset more than 45°. 
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Figure 6-8: No fixture should connect within 8 feet of the 
base of the offset measured either vertically or horizontally. 
(Ralph R. Lichliter) 


stack are sized the same as any stack vent, as 
will be explained later in this chapter. 

Offset Stack Sizing EXAMPLE. To clarify the 
above example, suppose that in Figure 6-7 there 
are 11 drainage fixture units of waste that empty 
into the stack on each floor, or a total of 44 
drainage fixture units (4 x 11 = 44) on the entire 
stack. A 3-inch stack would be large enough for 
the section of the stack above the offset, according 
to Table 6-4, since this is a stack of more than three 
stories. 

The offset section of the stack is sized in accord 
with Table 6-2. If we assume there is a pitch of % 
inch to the foot, the offset must be 4-inch pipe. The 
section of the stack below the offset must be at least 
as large as the offset, so it too is 4-inch pipe. 
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O DRAINAGE PIPING 
INSTALLATION 


Grade or Pitch of Horizontal Drainage Piping 


After the size of any horizontal drainage piping 
has been determined, other factors in installing 
the pipe must be considered. The grade at which 
the pipe is to be installed is probably next in 
importance. Grade or pitch is the fall (slope) ofa 
line of pipe in reference to a horizontal plane. As 
applied to plumbing drainage, pitch is usually 
expressed as the fall in a fraction of an inch per 
foot length of pipe (for example, '/4 inch per 
foot). 

It is advisable to grade all horizontal drainage 
piping 7/4 inch to each foot of run. Tests verify 
the soundness of this pitch. Horizontal pipes 
have been found to produce the necessary ve- 
locity and discharge capacity at this pitch so that 
they can scour themselves properly and function 
without producing plus or minus pressures in 
the plumbing system. (It may be necessary, how- 
ever, because of the depth of the basement floor 
and inadequate depth of the sanitary sewer 
main, to pitch the building drain or building 
sewer at less than 1/4 inch per foot.) 

Also, an unusually long sewer would require 
less pitch per foot because the accumulated or 
total pitch would result in an exceptionally deep 
building drain outlet. If the grade is slight, the 
plumber should use an instrument, such as the 
builder's level, to grade the sewer so that it 
slopes evenly throughout its entire length and is 
free from sags (which will result in sections of 
the pipe being full of water). 

The following are the minimum slopes for the 
stated sizes of pipe: 


EXCESSIVE PITCH 


SOLID MATERIAL 


LEVEL | 


ABOVE: DEPOSIT OF SUSPENDED BODIES OCCURS WHEN THE 
DRAIN IS GIVEN EXCESSIVE PITCH. 


Size of Pipe Minimum Slope Per Foot 
Less than 3 inches ША 
3 to 6 inches Vig" 
8 inches and over Uio” 


On the other hand, a pitch of more than 7/4 


(inch per foot increases the velocity and dis- 


charge capacity of the waste, but it also might 
decrease the depth of waste necessary to pro- 
vide self-scouring action (see Figure 6-9). It 
might also account for a minus pressure if the 
drain were taxed to capacity flow. 

Further information on calculating pitch is given 
in Chapter 12 and the Math for Plumbers Appendix. 


Change in Direction 


Change in direction is the term applied to the 
various turns that may be required in drainage 
pipes. Changes in direction in drainage pipes 
must be made by the appropriate use of fittings 
such as Ys, long or short sweep 1/4 bends, 1/6, '/8, 
ог У bends, or by a combination of these 
fittings. 

Care must be taken in selecting the proper 
fittings for changes in direction in drainage 
piping to prevent waste stoppages. Long-radius 
fittings lessen the probability of waste stoppage. 
Short-turn 1/4" bends may be used for changes of 
direction from the horizontal to the vertical. 
Long-sweep 7/4 bends, two !/s bends, or a combi- 
nation Y and !/в bend may be used where the 
change of direction is from the vertical to the 
horizontal or from horizontal to horizontal. Fig- 
ure 6-10 and its accompanying information illus- 
trate the proper use of '/4 bends and elbows for 
changes in direction. Fittings that are not illus- 
trated in Figure 6-10, but have the equivalent 


NORMAL PITCH SOLID 
1/4 INCH PER FOOT 


WATER LEVEL 


ABOVE: ADEQUATE DEPTH OF FLOW THROUGHOUT THE 
LENGTH OF THE DRAIN ASSURES THOROUGH DISCHARGE OF 
WASTE MATERIALS. 


Figure 6-9: Proper and improper pitch on horizontal drainage pipes. 
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CHANGES IN DIRECTION FROM: 


1. VERTICAL LONG SWEEP SOIL 1/4 BEND OR 
LESS THAN с 
ТО 3 INCH SIZE EXTRA LONG TURN 90° DRAIN- 
HORIZONTAL AGE ELL 
2. VERTICAL 
С 3 INCH AND SHORT SWEEP SOIL 1/4 BEND 
ШӘ LARGER SIZE DR 
HORIZONTAL LONG TURN 90° DRAINAGE ELL 
3. HORIZONTAL SOIL 1/4 BEND 
TO ALL SIZES OR 
VERTICAL LONG TURN 90% DRAINAGE ELL 
4. HORIZONTAL LONG OR SHORT SWEEP SOIL 1/4 
TO ALL SIZES BEND OR EXTRA LONG TURN 907 
HORIZONTAL DRAINAGE ELL 


*COPPER, CAST BRASS, AND PLASTIC DRAINAGE FITTINGS SHALL HAVE 
THE EQUIVALENT SWEEP OF THE LISTED DURHAM DRAINAGE FITTINGS. 


SHORT SWEEP 
QUARTER BEND QUARTER BEND 


27127 


б 90° EXTRA б 
90% LONG LONG TURN 90* SHORT 


TURN ELBOW ELBOW TURN ELBOW 


AAG 


Figure 6-10: Changes in direction in drainage piping. (Ralph 
R. Lichliter) 


LONG SWEEP 
QUARTER BEND 


sweep of the illustrated fittings, can be used for 
the same type of changes in direction. 


Cleanouts 


The building sanitary drainage system must be 
equipped with an adequate number of cleanouts 
(symbol: CO)to make the entire system accessi- 
ble without breaking up the basement floor or 
breaking into finished walls and ceilings should 
a stoppage occur. The plumber must use good 
judgment in the location of cleanouts. | 

The plumber provides cleanouts in drainage 
pipe lines by installing T or Y fittings in these 
lines and plugging the unused opening in the 
fitting with the appropriate, removable plug. Fig- 
ure 6-11 illustrates a cleanout tee for use in a 
stack. Figure 6-12 illustrates the use of a Y and 
1/в bend for a cleanout on a horizontal building 
drain. Figure 6-13 illustrates a cleanout at a 90 
degree change in direction. | 


Figure 6-11: Stack base cleanout. 
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Figure 6-13: Cleanout at a 90° change in direction. 
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2" MINIMUM 


GRADE co 


TESST ARS AS е 


co 


In general, cleanouts are of the same size (up 
to 4 inches) as the drainage pipe they serve. 
However, a 4-іпсһ cleanout is usually the largest 
size cleanout installed regardless of the size of 
the drain line it serves. 

Cleanouts should be provided in all of the 
following locations: 


1. At the outside wall of the building where the 
building sewer and building drain connect 
(front main cleanout). 

2. At the base of all vertical soil or waste 
stacks (stack base cleanout). 

3. At all 90 degree changes in direction. 

4. At the upper terminal of all horizontal 
branch drains. 

5. Every 50 feet on horizontal drainage piping 
that is 3-inch size and smaller and every 100 
feet on horizontal drainage pipe that is 
4-inch size and larger. 


A cleanout is always placed at the outside 
wall of the building (front main cleanout) where 
the building drain and the building sewer con- 
nect. This cleanout may be placed either inside 
or outside of the building. It should be a full Y 
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2" MINIMUM 


Figure 6-14: The cleanout at the outside wall may be inside or outside the 
building with a full Y branch fitting and shall extend at least 2 inches 
above grade or finished floor. (Ralph R. Lichliter) 


6" MINIMUM 


fitting placed in the direction of flow of the drain. 
Also, it should extend at least 2 inches above the 
finished floor or grade level so that the cover will 
not be removed and the cleanout opening used 
for a drain. (The cleanout opening would, of 
course, be placed flush with the floor if itisin a 
traffic area.) Figure 6-14 illustrates the location 
of this cleanout at the outside wall of the build- 
ing. 

Stack base cleanouts should be located at 
least 6 inches above the floor for easy access 
and to prevent their use as floor drains. A clean- 
out at the base of a stack is also shown in Figure 
6-14. 

The cleanouts at the upper terminals of hori- 
zontal branch drains can be eliminated if there is 
a plumbing fixture trap or a plumbing fixture 
with an integral trap that can be easily removed 
and used for a cleanout. 

Remember: Cleanouts must be accessible. 
The plumber must see that access panels are left 
in ceilings and walls for access to the drainage 
pipe cleanouts. Cleanouts on buried piping must 
also be watched when the ditch is backfilled, for 
these are sometimes broken off and/or buried. 


[s] VENTING THE BUILDING 
SANITARY DRAINAGE 
SYSTEM 


Vent piping is presented in the same chapter 
with sanitary drainage piping because, as will be 
shown, vent pi onsi in pi 
and they are installed at the same time as the 
drain pipes. 


-syphonage and back pressure. This simply 
means that because every plumbing fixture has a 
water seal trap, every trap should have a vent to 
protect its water seal. 

A properly installed system of vent pipes pro- 
vides a free circulation of air within the sanitary 
drainage system and assures that at no time will 
the trap seals be subject to a pressure of more 
than 1 inch of water column. This free circulation 
of air within the drainage system allows the 
liquid waste to drain freely through the pipes. 
The vent pipe system also removes objection- 
able gases from the sanitary drainage system. 

To vent a building drainage system properly, 
the plumber must have some knowledge of the 
earth's atmosphere. 

Surrounding the earth's surface is a blanket of 
gases (called the atmosphere) about 100 miles 
thick. This blanket of gases contains approxi- 
mately 2196 oxygen, 7896 nitrogen, and 196 other 
gases. About one-half the total weight of the 
atmosphere is below 18,000 feet. A column of air 
1 inch square and as high as the atmosphere 
exerts a pressure on the earth's surface of 14.7 
pounds. That is, at sea level, all objects are under 
a pressure of 14.7 pounds per square inch. 
Atmospheric pressure increases below sea level 
and decreases above sea level because the total 
volume of air is reduced as one goes higher in 
the atmosphere. 

One of the common properties of the gases 
that compose the atmosphere is compressibility. 
Air can be compressed and, in this condition, 
develops a pressure that is greater than its 
normal sea-level pressure of 14.7 pounds per 
square inch. This basic scientific fact is illustrat- 
ed by the automobile tire under pressure. Air 


also can be withdrawn from a space or contain- 
er, and this condition is termed a vacuum or 
partial vacuum, depending on the volume of air 
removed. A partial vacuum, therefore, would 
indicate a pressure less than that of the atmos- 
pheric pressure at sea level. 

A-pressure of /ess than one atmosphere (14.7 
pounds per square inch) will be referred to as a 
minus pressure. A pressure greater than one 
atmosphere will be called a p/us pressure. 

Trap Seal Loss. One of the most common 
difficulties occurring in a drainage system is trap 
seal loss. This failure can be attributed directly to 
inadequate venting of the trap and the subse- 
quent minus and plus pressures that occur. 
(How improperly vented traps can lose their 
seal will be discussed in Chapter 8.) 

Retarded Flow in the Drainage System. 
Retarded flow may be the result of improper 
atmospheric conditions, insufficient venting, or 
incorrect installation of fittings. 

Air, because of the elasticity of the gases it 
contains, may be compressed into pressures far 
in excess of atmospheric pressure. The flow of 
water in a soil pipe tends to compress the 
volume of air ahead of it, and pressures greater 
than atmospheric are bound to prevail unless the 
system is properly vented. Increased pressure 
causes retarded flow in a vertical stack and, 
therefore, affects the discharge capacity in its 
branches. Under these circumstances, the drain- 
age system becomes unbalanced. It contains a 
pressure greater than atmospheric pressure and 
so it cannot function properly. 

There is also the possibility that a partial 
vacuum may be developed in the drainage sys- 
tem, which would affect its discharge capacity. 
This is the result of atmospheric pressure on the 
flow side of the waste, creating resistance to the 
volume of water because a minus pressure de- 
velops on the opposite side. This condition indi- 
cates a lack of proper relief ventilation or partial 
closure of the vent pipe terminal. It may also be 
the result of an excessively long vent pipe. 

Removal of Objectionable Gases. |n addi- 
tion to being foul-smelling, sewer gases contain 
chemical elements which, when they combine 
with the moist air, create acids that corrode vent 
pipes. Hydrogen, which is an important element 
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TABLE 6-5. 
SIZE AND LENGTH OF УЕМТ5 


M ÓÓ— 


FIXTURE | | 
с: л" | уе 
CONNECTED - | 


(dfu) 


ul 
ul 
250 
200 
150 
100 
50 


np 


ul—Unlimited length. 
np— Not permitted. 
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in all acids, is found in large quantities in the 
sanitary drainage system. It may be found in the 
free state, but it is usually combined with other 
elements. Hydrogen sulfide is one of these com- 
binations. This compound is particularly objec- 
tionable because it picks up additional oxygen 
from the moisture in the sanitary drainage sys- 
tem and becomes sulfuric acid. Sulfuric acid is 
an extremely corrosive acid. 

As was stated earlier in the chapter, horizontal 
drainage pipes are designed to flow about 7/з 
full. In addition to providing a scouring action, 
pipes that ом '/3 full have an air space at the top 
of the pipe for venting away objectionable sewer 
gases. This is especially important in the build- 
ing sewer and building drain pipes. This air 
space allows the free passage of the sewer gases 
along the top of the pipe, up the stack, and out 
into the atmosphere. 


Venting Methods 


Many forms of venting can be applied to the 
plumbing installation. Choice is determined 
largely by the manner in which the plumbing 
fixtures are to be located and grouped. As arule, 
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*Except 6 fixture unit fixtures. 


INDIVIDUAL, BRANCH, CIRCUIT, AND STACK VENTS 


DIAMETER OF VENT (INCHES) 


MAXIMUM DEVELOPED LENGTH OF VENT IN FEET 


the completed vent pipe system is a combination 
of several methods. 

At one time, all fixture traps were individually 
vented. But through experimentation and the 
introduction of different forms of soil and waste 
pipe relief vents, it was found that individual trap 
venting was costly and not entirely necessary. It 
is true that in a plumbing installation in which 
the vent pipe system is of the proper size, and 
where every trap is vented with an individual 
vent, the danger of trap seal loss is practically 
eliminated. However, as long as practical tests 
have indicated that these conditions are not 
absolutely essential to a safe system of drainage, 
various methods of venting may be adapted for 
the sake of economy. 

There are several kinds of vent pipe systems 
and each has a definite function in the complet- 
ed plumbing system. The various types may be 
grouped under two principal classifications: 

1. The vent pipes used to ventilate the soil and 
waste pipes are the stack vents and vent stacks. 
The stack vents, vent stacks, and various other 
forms of relief vents are classified according to 
the purpose they serve, and are referred to as 


relief and yoke vents. These methods of venting 
serve the fixture trap only in an indirect way. 
Their primary purpose is to maintain atmospher- 
іс pressure in the waste pipe system. 

2. The venting methods whose primary pur- 
pose is to protect trap seals against back pres- 
sure and syphonage are individual or back vents, 
common vents, and wet vents. These methods 
are covered later. 

Vent Grades. The vent pipe must be graded 
slightly back toward a soil or waste pipe so that 


water cannot accumulate in it. No definite 
amount of pitch is required. 


Sizing Vent Pipes 


Vent pipes are also sized according to the 
drainage fixture unit (dfu) method. Tests on vent 


pipe installations led to the formulation of vent 


sizing tables such as Table 6-5 for sizing stack 
vents, individual, branch, and circuit vents; and 
Table 6-6 for sizing vent stacks. 


TABLE 6-6. 


SIZE OF SOIL FIXTURE 
OR WASTE UNITS 
STACK 
(INCHES) (dfu) 


DIAMETER OF VENT (INCHES) 
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Before explaining the use of these tables, it 
might be well to mention two things: 

1. The apprentice will notice that there is no 
pipe size on either of these two tables smaller 
than 17/4 inches in diameter, just as there was по 
waste pipe smaller than the 1'/4-inch size. A pipe 
of less than 1'/4-inch size is unsuitable for vent- 
ing. Although the flow of air may be sufficient, 
the vent can easily be stopped up. A stopped-up 
vent is, of course, worthless. 

2. The term developed length appears in both 
tables. The developed length of a pipe is the 
length measured along the centerline of the pipe 
and fittings. Figure 6-15 illustrates how devel- 
oped length is measured. Developed length is 
Important in vent piping because friction be- 
tween the air in motion within the vent pipes and 
the interior surface of the pipe tends to reduce 
both the flow and the volume of air moving 
through the vent pipe. 
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Figure 6-15: Measurement of developed length or vent 
stacks, main vents, and individual vents. (Ralph R. Lichliter) 
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Stack Vents. А stack vent is the extension of 
a soil or waste stack above the highest horizon- 
tal drain connected to the stack. The stack vent 
admits air to the plumbing system. It also serves 
as a means of eliminating objectionable odors. 
The stack vent usually is the terminal for other 
vent pipes such as individual and group fixture 
vents and vent stacks. Figure 6-16 indicates the 
portion of the soil Stack defined as the stack vent 
and shows tees that serve as the terminal for 
other vent pipes. 

Stack vents are sized from Table 6-5 based on 
the total number of drainage fixture units that 
drain into the waste portion of the stack. 

Stack Vent Sizing EXAMPLE. To familiarize 
you with the use of Table 6-5 the following 
example is offered. 

What size of stack vent would be required for a 
group of fixtures consisting of six water closets, 
four lavatories, three urinals (2-inch trap), and 


two showers installed on the second floor of a 
100-foot-high building. To determine the unit 
value of this group of fixtures, use the following 
procedure (the same as in sizing waste pipe): 


Fixtures dfu 
6 Water closets 36 
4 Lavatories 4 
3 Urinals 12 
2 Showers _ 4 

Total 56 


Assuming that each floor is 10 feet high, the 
stack vent would have a developed length of 
about 90 feet from the ceiling of the first floor 
(which is where the horizontal branch drain for 
fixtures set on the second floor would connect to 
the stack) to the top of the stack (100— 10-90). 
Referring to Table 6-5, we find that up to 72 
fixture units may be vented with either a 2-inch 
pipe with a developed length of 50 feet, a 21/2- 
inch pipe with a developed length of 80 feet, or a 
3-inch pipe with a developed length of 400 feet. 
Since the developed length of the vent in the 
example is 90 feet, a 3-inch stack vent would be 
required. 

This example is given merely to acquaint the 
apprentice with the method of using Table 6-5 to 
size a stack vent. It is not an actual representa- 
tion of what might occur on the job. 

Vent Stacks and Main Vents. The vent stack 
is a vertical pipe installed to provide circulation 
of air to and from the drainage system. Vent 
stacks are also main vents. A main vent is the 
principal artery of the venting system to which 
vent branches may be connected. 

Vent stacks or main vents are required in 
buildings that require individual vents, relief 
vents, or branch vents on three or more branch 
intervals. 

Vent stacks or main vents are also terminals 
for smaller individual and group fixture vents. 
The vent stack or main vent may be considered a 
vent collecting line. 

The vent stack usually is located within a few 
feet of the soil pipe stack. This is not a set policy, 
however, and its location depends a great deal 
on the building construction. It is installed at the 
same time as the soil pipe stack. Openings are 
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left at the correct height and proper floors to 
accommodate the fixture trap vents. 

The vent stack or main vent begins at the base 
of the soil stack. Its function is to relieve any 
back pressure that might occur at this location. 
Its connection to the waste stack should be 


made with a Y and '/s bend. The vent stack 
usually ties into the stack vent (the uppermost 
portion of the soil stack). However, if itis not run 
within a few feet of the soil stack, it may continue 
on through the roof separately. 

Figure 6-17 illustrates a main vent installed 
close to the soil pipe stack. It indicates how the 
stack vent joins the soil pipe above the highest 
fixture branch, and shows its connection into the 
base of the stack. The connections shown on 
the various floors are fixture trap vent terminals. 
(See A, B, C, and D on Figure 6-17.) 

In multistory buildings of more than five 
branch intervals, the waste stack and the vent 
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Figure 6-17: A picture of a typical vent stack or main vent 
installation. 


stack must be reconnected with a yoke vent 
every five branch intervals, counting from the 
top interval down. A yoke vent is a pipe that 
connects upward from a soil or waste stack to a 
vent stack and prevents pressure differences in 
the two stacks. Yoke vents are a type of relief 
vent. A relief vent can have either of two primary 
functions. It can provide additional circulation of 
air between drainage and vent systems, or act as 
an auxiliary vent on a specially designed system. 

The yoke vent connection to the soil stack 
should be made with a Y and '/s bend. It should 
connect to the waste stack below the horizontal 
branch drain for the fixtures on that floor and to 
the vent stack at least 3 feet above the floor level. 
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Figure 6-18: Pictorial representation of a typical yoke vent 
installation. 


The size of the yoke vent connection is the same 
size as the vent stack to which it connects. 

A yoke or relief vent connection is illustrated in 
Figure 6-18. Care must be taken to allow a 
sufficient amount of space between the soil 
stack and the vent stack so this connection can 
be made. The fittings usually are of large diame- 
ter and require space to install. 

Vent stacks and main vents are sized from 
Table 6-6 based on the following information: 


. The size of the soil or waste stack. 

. The number of drainage fixture units con- 
nected to that stack. 

3. The developed length of the vent. 
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Figure 6-19: Sizing a vent stack in an eight-story apartment 
building with 88 drainage fixture units. 


Vent Stack and Main Vent Sizing EXAMPLE. 
The following example illustrates how to use 
Table 6-6 for determining the size of a vent 
stack: 

What size vent stack is required in an eight- 
story apartment building when a 4-inch size soil 
stack is used to serve eighty-eight fixture units? 
(Assume 10 feet to a floor.) 

This stack is illustrated in Figure 6-19. The 
developed length as shown is about 90 feet. 

Referring to Table 6-6, we find that a 4-inch 
stack with 240 fixture units or less connected to 
it requires a vent stack of 3-inch size. (The 
apprentice should note that if the developed 
length had been 70 feet or less, a 2'/2-inch vent 
stack would be sufficient.) 
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Stack Terminals. Stack vent and vent stack 
terminals are extended through the roof to vent 
the sewer to the outside air. The vent terminals 

usually extend at least 1 foot through the roof to 
prevent rainwater on the roof from draining into 
them and to prevent any objects on the roof from 
falling into the pipe and blocking the vent open- 
ing. 

Because the vented sewer gases are foul- 
smelling, a 
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“opening. Keep a vent terminal at least 10 feet 
away from any such openings, or if this is not 
possible, extend the pipe at least 2 feet abovethe 
opening. If a vent terminal passes through a roof 
that serves another purpose, such as a sun deck, 
it should rise at least 7 feet above that roof. 

Roof terminals for vents must be sealed to the 
roof surface to prevent rainwater around the 
pipe from leaking into the building. Figure 6-20 
illustrates a flat roof vent flange and Figure 6-21, 
a slanted roof vent flange. These vent flanges or 
roof jackets are installed around the vent pipe 


Figure 6-21: Slanted roof vent flange, adjustable for differ- 
ent pitches of roofs. See Figure 6-22 for a cross section of 
this roof flange. 
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terminals to make the roof watertight. Both of 
the illustrated roof jackets are adjustable for 
variations in stack height caused by. expansion 
and contraction of the stack or settling of the 
building. In addition, the roof jacket illustrated in 
Figure 6-21 is adjustable for different pitches of 
slanted roofs. (Front corners may be bent to 
accommodate different roof pitches.) 

In the colder climates, frost closure of the vent 
terminal is a common problem and may be 
responsible for trap seal loss. The air within the 
plumbing is usually close to the moisture satura- 
tion point. When this humid air is emitted 
through the stack terminal, condensation oc- 
curs. This condensation freezes rapidly. Precau- 
tionary methods are usually taken to prevent 
frost closure of the vent terminal. One method is 
to increase the size of the vent terminal before it 
passes through the roof. In cold climates, vent 
pipes that pass through the roof should be at 
least 2-inch pipe. Another method is to use a 
roof jacket constructed to allow 1 inch of free air 
space around the vent terminal. The roof jackets 
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Figure 6-22: Section through a frost-proof vent flange. (Fed. 


Moore Mfg. Co.) 
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illustrated in Figures 6-20 and 6-21 are both of 
this frost-proof type. Figure 6-22 illustrates a 


- cross section through a frost-proof roof jacket. 


Figure 6-23 is a section through the standard 
style roof jacket. 
Individual Vents. Ап individual vent is a pipe 


. installed to vent a single fixture trap. It may 


either connect with the vent system above the 
fixture served or terminate into the open air. 
Individual vents are also called back vents be- 
cause they are commonly installed directly in 
back of the fixtures they serve. 

The individual vent is by far the most practical 
method of venting a fixture trap. Danger of trap 
seal loss when this type of vent is employed is 
negligible. When plumbing fixtures are all indi- 
vidually vented, the plumbing system is relieved 
of minus and plus pressure at every fixture trap. 
The most common type of individual vent is the 
continuous vent, shown in Figures 6-24 and 
6-25. A continuous vent is simply a vertical vent 
that is a continuation of the drain it is connected 
to. 
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Figure 6-23: Section through a standard-style vent flange. 
(F. J. Moore Mfg. Co.) | 
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Figure 6-24: Individual venting (continuous vent) of wall- 
hung and cabinet-set fixtures. 
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Figure 6-25: Individual venting (continuous vent) of floor-set 
fixtures. 


Individual vents (and all other fixture trap 
vents as well) should be connected as close to 
the trap as possible. This connection, as shown 
in Figures 6-24 and 6-25, is usually made to the 
fixture drain pipe directly underneath and in 
back of the fixture. 

If the individual vent is to be reconnected into 
the vent stack, it is reconnected at least 6 inches 
above the overflow line of the fixture which the 
vent serves. This fixture overflow line, which is 
also called the flood level rim, is pictured in 
Figures 6-24 and 6-25. 

Sizing the Individual Vent. Individual vents 
are sized based on: (1) the drainage fixture unit 
value for each individual fixture; and (2) the 
developed length of the individual fixture vent to 
the vent stack, stack vent, or roof terminal. In no 
case should an individual fixture vent be smaller 
than 1/2 the diameter of the fixture drain. 

For example, the following are some common 
individual plumbing fixture vent sizes (as taken 
from Table 6-5, assuming the developed length of 
the vent pipe is 50 feet or less). 


Minimum 

Туре of Fixture Size of Vent dfu 
Lavatory 11/4" 1 
Drinking fountain 11/4” 1 
Domestic sink ІШЕ 2 
Shower stalls, 

domestic 11/4” 2 
Bathtub ІП 2 2 
Laundry tray 11/2” 2 
Service sink 1/2” 3 
Water closet 2" 6 


The apprentice will notice that the vent for a 
water closet is larger than the table values indi- 
cate. However, remember the note at the bottom 
of Table 6-5, which states that 6 fixture unit 
fixtures (water closets) may not vent into a 17/2- 
inch vent pipe. As a general rule, most plumbing 
codes require a 2-inch vent for all water closets. 


Individual Venting of Plumbing Fixtures 


Figure 6-24 illustrates the recommended 
method of individual venting of plumbing fix- 
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TABLE 6.7. DISTANCE OF FIXTURE®TRAP"FROMEVENT | 


SIZE OF | 
FIXTURE DRAIN DISTANCE— 
(INCHES) TRAP TO VENT 
Ms 2-ft.-6 in. 
11/2 3 ft. біп. 
2 5 ft. 
3 6 ft. 


4 Р 10 ft. 


Note—The developed length between the trap of the water closet 
or similar fixture and its vent shall not exceed four (4) feet. 


Minnesota Plumbing Code 


tures of the wall-hung variety, such as sinks, 
lavatories, drinking fountains, wall-hung service 
sinks, and laundry trays. It is also applicable to 
kitchen sinks mounted in a Cabinet or lavatories 
mounted in a vanity. As may be noted, the trap 
discharges into the side opening of a drainage 
tee. The maximum distance between the trap 
and its vent is as shown in Table 6-7. 

The top opening of the drainage tee is used as 
a connection for the individual vent, which must 
be extended at least 6 inches above the overflow 
line (flood level rim) of the fixture so if the fixture 
waste pipe is stopped up, the vent will not serve 
as a waste for the fixture. There is a decided 
advantage in connecting the vent pipe to the tee, 
as indicated in Figure 6-24. Accumulation of 
dust, rust, or foreign material in the vent auto- 
matically drops into the waste line and is carried 
away by the discharge of the fixture, thus main- 
taining a clear vent. 

Figure 6-25 illustrates the method by which 
fixtures such as bathtubs are vented. This same 
method can be used to vent urinals, shower 
baths, mop basins, and other fixtures that are set 
on the floor. The fixture trap discharges into the 
top opening of a drainage tee fitting, the side 
opening of which is used as a connection for the 
individual vent. This form of back vent, which is 
called a /ine vent, is not as satisfactory as the 
method previously described. The waste dis- 
charge from the fixtures into the fixture drain 
may tax its capacity. The waste materials are 
liable to back into the vent pipe. 
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Figure 6-26 illustrates the proper methods of 
venting a floor-set water closet in the basement 
of a home, as well as the improper flat vent. Flat 
venting of plumbing fixtures should be avoided 
because stoppage of the fixture drain would 
result in waste backing up into the vent and 


plugging it. 
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Figure 6-26: Top: Side view of properly vented basement 
water closet. Middle: Front view showing proper methods of 
venting this water closet. Bottom: Front view showing im- 
proper method (flat vent) of venting this water closet. 4 


Whenever the installation may be designed to 
permit the venting of floor-type fixtures by the 
method shown in Figure 6-27, it is best to do so. 

Common Vents. The common vent is a prac- 
tical form of venting that may be defined as a 
vent connecting at the junction of two fixture 
drains and serving as a vent for both fixture 
drains. The two fixtures discharge the waste into 
a short pattern cross. Common vents are also 
called unit vents. This method of venting is used 
on two fixtures of similar design installed on 
opposite sides of a partition. The design of it is 
practically identical with back-venting, and the 
principles involved are the same in both in- 
stances. This form of venting is commonly ap- 
plied to fixture traps serving apartment and hotel 
toilet rooms. Because of the economy obtained, 
bathroom facilities usually are located in back- 
to-back rooms so that the waste, vent, and water 
pipes may be run in the common wall. The 
common vent and waste can be applied when 
fixtures have the same vertical drain heights. 


Sizing the Common Vent. The diameter of 
pipe required for a common vent serving two 
fixture traps is determined in the same manner 
as for an individual vent except that the size of 
the pipe must be sufficient to vent the sum of the 
two drainage fixture unit values. For example, 
suppose two lavatory traps are to have a com- 
mon vent. Each lavatory is rated at 1 drainage 
fixture unit, and the developed length of the vent 
is 60 feet. The sum of their drainage fixture unit 
values would be 2. Since 50 feet is the maximum 
developed length of a 1'/4-inch vent pipe that 
vents 2 drainage fixture units, a 17/2-іпсһ vent 
would be required for this installation. The same 
method is employed for other fixtures and the 
size of the vent naturally increases as the drain- 
age fixture unit value of each fixture becomes 
greater. 

Figure 6-28 illustrates the common venting of 
two wall-hung lavatories. This method can also 
be applied to other wall-hung or cabinet- 
mounted fixtures. The fixture traps discharge 
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Figure 6-27: The preferred method of individual venting of 


floor-set plumbing fixtures. 
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Figure 6-28: Common vent method of venting wall-hung 
plumbing fixtures. 
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Figure 6-29: Short pattern crosses. 


into a sanitary drainage cross. The top opening 
of the cross is used for the common vent con- 
nection, which is completed in the same manner 
as an individual vent. Short pattern crosses, like 
those illustrated in Figure 6-29, should be used 
on common vent installations. 

Bathtubs, showers, and other floor-set fixtures 
can be vented by the common vent method. 
However, it is sometimes rather inconvenient to 
use this method of venting fixture traps because 
of space limitations. Figure 6-30 illustrates the 
common venting of two bathtubs. 

Water closets and other fixtures of similar 
design may also be common vented, as shown in 
Figure 6-31. When water closets are the highest 
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Figure 6-30: Vent used in bathtub installation. 
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fixtures on a stack, they are sometimes common 
vented to that stack. This is a common installa- 
tion in homes with back-to-back bathrooms. In 
this installation, shown in Figure 6-32, the stack 
vent also serves as the common vent. 

Branch Vents. А branch vent is a vent con- 
necting one or more individual vents with a vent 
stack or a stack vent. Branch vents are common- 
ly run horizontally behind a group of fixtures. 
When а vent pipe is run horizontally to tie several 
individual fixture vents together, it must be run 
at least 6 inches above the flood level rim of 
the highest fixture connected to the vent. 

A branch vent is sized according to the num- 
ber of drainage fixture units connected to it and 
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Figure 6-31: Vent used in water closet installation. 


the developed length of the branch vent from its 
vent stack or stack vent to the farthest fixture 
drain served by the branch vent. 

Branch Vent Sizing EXAMPLE. What size 
branch vent is required for a toilet room contain- 
ing six water closets, four urinals (wall-hung, 
with 2-inch trap), four lavatories, and one service 
sink with a developed length of 76 feet to the 
nearest vent stack? 


Fixture. . fu 
6 Water closets x6 = 36 
4 Urinals xcd we 16 
4 Lavatories x 1 = 4 
1 Service sink x3 = 3 

Total 59 


Using Table 6-5, we can see that a 21/2-іпсһ 
branch vent is required. 

Wet-Venting. А wet vent is a method of vent- 
ing used rather extensively for small groups of 
residential bathroom fixtures. A wet vent is that 
portion of the vent pipe system through which 
liquid wastes flow. The practice of wet-venting 
plumbing fixtures, one that is discussed often, 
has both advocates and opponents. Some 
plumbing authorities believe wet-venting is an 
efficient method of maintaining adequate atmos- 
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Figure 6-32: Common vent used when two water closets are 
the highest fixture drain connected to a stack. 


pheric pressure to prevent loss of fixture trap 
seal. The strongest contention of those support- 
ing wet-venting is the fact that a fixture placed 
on a dry vent line tends to scour the line at each 
discharge of the fixture. Laboratory tests on new 
and clean fixture wastes have proved wet- 
venting to be adequate. 

Those who oppose the above contend that the 
portion of the vent pipe used as a waste for 
another fixture becomes fouled very rapidly and 
that its diameter is greatly reduced. Complete 
stoppage often occurs and trap seal loss can 
result. 

Both arguments have merit. An improperly 
designed wet vent does present stoppage prob- 
lems and can cause a reduced diameter of the 
vent line. Situations of this kind are common. 
When the waste and vent installation is clear, 
there appears to be adequate ventilation. Many 
states have permitted wet-venting for years and 
apparently have experienced no great amount of 
trouble with it. This method has a place in the 
venting of small fixture groups. 

Sizing Wet Vents. The simplest type of wet 
vent is the common vent with two fixtures whose 
horizontal drain openings are at different heights 
installed back to back, as shown in Figures 6-33 
and 6-34. This type of vent is sized as follows: 
The vertical drain is sized one pipe size larger 
than the upper fixture drain, but in no case 
smaller than the lower fixture drain. 

For example, in Figure 6-33 when the /avatory 
waste is above the kitchen sink waste, the wet 
vent portion of the vertical drain pipe would be 
1'/2-inch pipe instead of the 17/4-іпсһ pipe that 
would normally be required for a lavatory drain. 
However, in the installation in which the kitchen 
sink drain is above the lavatory drain (Figure 
6-34), the wet vent portion is sized as 2-inch pipe 
instead of 17/2-іпсһ pipe, which is the normal 
size for a kitchen sink drain. 

As a rule, not more than 1 drainage fixture unit 
may drain into а 17/2-іпсһ wet vent or more than 
4 drainage fixture units into a 2-inch wet vent. 

Figure 6-35 illustrates a typical wet vent instal- 
lation of a domestic bathroom. In this installa- 
tion, the vertical portion of the lavatory waste is 
the wet vent for the bathtub drain. In this case, 
the lavatory waste is increased to 17/2-іпсһ pipe, 
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Figure 6-33: Sizing of a wet vent when the lavatory waste is 
the wet vent for a kitchen sink. 
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Figure 6-35: Sizing of a wet vent installation—domestic 


bathroom. (Ralph R. Lichliter) 
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Figure 6-34: Sizing of a wet vent when the kitchen sink 
waste is the wet vent for a lavatory. 
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Figure 6-36: Sizing of a wet vent installation—domestic 
bathroom and kitchen sink. (Ralph R. Lichliter) 


but the lavatory vent, which vents 3 drainage 
fixture units, remains 1'/s-inch pipe. 

Figure 6-36 illustrates an installation in which 
the kitchen sink and lavatory are back to back 
and the waste for these two fixtures serves for 
the wet vent for the bathtub. In this installation, 
the wet vent portion of the vertical drain must be 
2-inch pipe because it drains 3 drainage fixture 
units, and the branch vent to the stack is 1'/2- 
inch pipe because it vents 5 drainage fixture 
units. (Lavatory 1 dfu + kitchen sink 2 dfu + 
bathtub 2 dfu = 5 dfu) 

Wet vents are quite often used in basement 
toilet room installations in homes. Figure 6-37 
illustrates an installation in which the lavatory 
drain is the wet vent for the water closet. In this 
instance, the wet vent portion of the pipe is not 
increased in size because the 2-inch pipe 
required for a water closet vent is more than.one 
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Figure 6-37: Sizing of a wet vent basement toilet room 
installation. (Ralph R. Lichliter) 


pipe size larger than the normally installed 1'/4- 
inch lavatory waste. 

The last type of wet vent illustrated (Figure 
6-38) is called a stack group. A stack group is a 
group of fixtures located next to the stack so that 
by means of proper fittings, vents may be re- 
duced to a minimum. This installation is com- 
monly used in homes of one story or when the 
bathroom is located on the top floor. In an 
installation of this type, the individual fixture 
drains are piped their normal size, but the stack 
vent is the same size as the soil stack. However, 
if the individual fixture trap arms exceed the 
maximum distance of Table 6-7, the fixtures 
must be re-vented. 

Further illustrations of the use of the princi- 
ples presented in the previous sections of this 
chapter on sanitary waste and vent piping will be 
given in Chapter 7, "Sizing of Sanitary Waste 
and Vent Piping Installations." 
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Figure 6-38: Stack group venting of a bathroom and kitchen 
sink. 
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о STORM WATER 
DRAINAGE PRINCIPLES 


The storm water drainage pipes are installed at 
the same time as the sanitary drainage and vent 
pipes. In fact, the storm water and sanitary 
drainage pipes are often piped in the same ditch 
and are run parallel to one another in pipe shafts 
in tall buildings. 

The storm water drainage system is that part of 
the plumbing system that conveys the water 
from precipitation to the storm sewer or other 
place of disposal. The disposal of surface and 
storm water, up to a few years ago, was accom- 
plished by discharging it into the building drain, 
which served the plumbing fixtures of the build- 
ing. This practice was considered satisfactory, 
because the public sewer was drained into a 
river, lake, or natural drainage basin, and the 
discharge of a large volume of clear water waste 
did not create a serious problem. However, as 
cities grew in population, the need for sewage 
treatment became more apparent. At present, 
virtually all municipalities maintain sewage dis- 
posal plants. One of the processes of sewage 
treatment is the liquefying of suspended organic 
materials. Rainwater passing through a disposal 
plant affects this process; hence the clear water 
should be separated from the water-carried or- 
ganic waste before it enters the plant for treat- 
ment. Storm water is relatively pure and can be 
discharged into some natural drainage terminal 
without affecting the ecology. This practice is 
adapted to factory buildings located in outlying, 
sparsely populated areas. 

Most municipalities have constructed storm 
sewers that serve privately owned buildings. The 
connection of storm drains to them is compul- 
sory. This practiceis wise becauseiteliminatesthe 
discharge of rainwater leaders into gutters and 
over sidewalks where it may become a nuisance 
to pedestrians. 

The installation of piping for storm water 
drainage has several features in common with 
sanitary drainage piping: 

1. Changes in direction in storm water drains 
are made with the same fittings as those re- 
quired for sanitary drainage piping. 

2. Storm water drain pipes are required to 
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have cleanouts in the same locations as sanitary 
drain pipes. 
3. Horizontal storm drains are graded at least 


2/4 inch to the foot. However, excessive pitch is 


not a problem in storm drainage because storm 
water is relatively free from solids. 


‘Installation of the Building Storm Drain 


Building storm drains can be classified as 
inside or outside drains. The inside building 
storm drain can be located either under the 
basement floor, or it may be suspended from the 
basement ceiling when the storm sewer main in 
the street is not deep enough to permit gravity 
drainage of an under-the-floor drain. 

When the building storm drain is installed 
beneath the basement floor, the plumber must 
take care to plan the installation of the below- 
ground storm drain so. it will not interfere with 
the installation of the sanitary drainage piping. 
The greatest difficulty encountered is in crossing 
over the main runs of the building sanitary drain 
with branches of the building storm drain. 

Careful planning of an overhead storm drain is 
also necessary. The drain should not conflict 
with heating mains, ventilation ducts, windows, 
or beams. It must be installed so that sufficient 
headroom is provided and the appearance of 
basement areas is not marred. 

The outside storm drain is located around the 
outer foundation wall of the building and is 
placed in the ground below the frost level, as 
shown in Figure 6-39. 
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Figure 6-39: Outside storm drain. 


COMBINED BUILDING DRAIN —»* 


(TO COMBINATION SEWER) 


Both inside and outside building storm drains 
must be piped to the storm sewer main in the 
street, if there is one available, or to a natural 
drainage basin, such as a stream, or a lake. 
However, the only place of disposal available in 
some older municipalities might be a combina- 
tion sewer main in the street. (A combination 
sewer is one that conveys both sewage and 
storm water.) In this case, both the building 
storm drain and the building storm sewer should 
be piped out of the building separately and then 
tied together in a manhole either outside the 
building or at the curb line so that when a storm 
sewer main is installed in the street the building 
storm sewer can be connected to it. Figure 6-40 
illustrates a typical manhole connection of the 
building storm drain and the building sanitary 
drain. 

Rainwater Leaders. А rainwater leader is 
often referred to as a conductor or downspout. | 
is a pipe that conveys water from a roof drain to 
the building storm drain or other point of dispo- 
sal. Rainwater leaders are usually vertical pipes. 

A rainwater leader must never be used as a soil 
or waste pipe for a plumbing fixture. 

Location of Rainwater Leaders. There are 
two varieties of rainwater leaders, each desig- 
nated according to its location in the building. 
The outside rainwater leader is located on the 


Figure 6-40: Connection of building sanitary and storm 
drains in a manhole outside the building. 


N PAVEMENT 


EARTH 


outside wall of the building and the inside rain- 
water leader is installed within the building 
walls. 

Outside Rainwater Leaders. The outside 
rainwater leader generally is constructed of 
sheet metal or plastic and is normally installed 
by the tinner or sheet metal man. The plumber is 
responsible for the base fitting installation and 
its connection to the building storm drain. The 
base fitting illustrated in Figure 6-41 is usually 
cast iron soil pipe, although any material ap- 
proved by the local plumbing code for under- 
ground building storm drains can be used. The 
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Figure 6-41: Base fitting connection for outside rainwater 
leaders. 
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hub end of the pipe, which connects to the 
downspout, should be left at least 6 inches 
above grade. Care should be taken to plumb the 
vertical portion of a base fitting so that its 
appearance will be neat, as this pipe will be 
exposed to view on the outside of the building. 

Inside Rainwater Leaders. Rainwater leaders 
piped inside the building are usually run up 
alongside a column or are placed in vertical 
pipe shafts. i 

The rainwater leaders are usually extended 
vertically through the floors to a point just below 
the roof and then offset horizontally to the roof 
drain body to reduce the danger of breakage. A 
leaky roof drain connection can also result be- 
cause of expansion and contraction of the rain- 
water leader piping. Expansion and contraction 
are important in rainwater leader piping because 
of the wide variation in temperature of the water 
flowing through the pipe. In the colder climates, 
this water temperature can vary from an ice- 
water mixture of melting snow in the winter 
months to very warm water from a summer 
rainfall on the hot roof. 

The change in direction at the high point of the 
rainwater leader should be made by means of a 
double-ell offset, as shown in Figure 6-42. Fit- 


Figure 6-42: Double-ell offset (swing joint) on an inside 
rainwater leader. 
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Figure 6-43: Expansion joint. (Josam Mfg. Co.) 


tings installed in this manner form a swing joint 
to compensate for movement that occurs with 
expansion and contraction of the rainwater lead- 
er pipe. If for some reason-a rainwater leader 
must be extended straight up and through the 
roof, it should be provided with an expansion 
joint of the type illustrated in Figure 6-43. 

Roof Drains. There are many types of manu- 
factured roof drain bodies for rainwater leaders. 
Figures 6-44 and 6-45 illustrate two common 
roof drain bodies. The drain body illustrated in 
Figure 6-44 is of the bottom outlet type and is 
available with inside caulked hub, no-hub, or 
threaded outlet connections. The drain in Figure 
6-45 is of the side outlet type and is available 
only with a threaded connection. 

Both of these drains are provided with clamp- 
ing rings so that a piece of sheet lead flashing 
can be installed around the drain body and 
sealed to the roof to make a watertight connec- 
tion. The installation of this lead flashing is the 
plumber's work, while the sealing of the lead to 
the bonded roof surface is roofer's work. 

A cast iron strainer basket that extends several 
inches above the roof is attached to the drain to 
prevent stones, leaves, and other materials from 
entering the rainwater piping. If the roof is used 
for a sun deck or in some other capacity, a flat 
drain cover is installed. 

Traps or Storm Drains. Traps are not re- 
quired on storm drains that connect to storm 


Figure 6-44: A typical bottom outlet roof drain body. (Josam 
Mfg. Co.) 


sewer mains in the street. But, if they connect to 
a combination sewer in the street, there will be 
objectionable sewer gases from this sewer and 
traps will be required on some installations. 

Two installations that require traps on storm 
drains are illustrated in Figure 6-46. These instal- 
lations are: 

1. A roof drain body that is located within 10 
feet of a door, window, or any other opening to a 
building. 
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Figure 6-46: Rainwater leaders that require traps. (Ralph R. Lichliter) 


Figure 6-45: A typical side outlet roof drain body. (Josam 
Mfg. Co.) 


2. An outside sheet metal conductor that is 
used and located within 10 feet of a door, win- 
dow, or any other opening to a building. This 
trap should be located inside the building and 
provided with an accessible cleanout, as shown 
in Figure 6-46. 

Sizing Building Storm Drains and Rainwater 
Leaders. Both building storm drains and rain- 
water leaders are sized based on the projected 
roof area. The projected roof area is the area in 


OUTSIDE LEADER 


WINDOW 
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TABLE 6-8.. SIZE OF HORIZONTAL STORM DRAINS 


DIAMETER MAXIMUM PROJECTED ROOF AREA FOR 
OF DRAIN DRAINS OF VARIOUS SLOPES (SQUARE FEET) 
(INCHES) в -in. Slope 1/4 -in. Slope 1/2 -in. Slope 
3 822 1,160 1,644 
4 1,880 2,650 3,760 
5 3,340 4,720 6,680 
6 5,350 7,550 10,700 
8 11,500 16,300 23,000 
10 20,700 29,200 41,400 
12 33,300 47,000 66,600 
15 59,500 84,000 119,000 


Table 6-8 is based on a maximum rate of rainfall of 4 inches per hour. If in any 
locality, the maximum rate of rainfall is more or less than 4 inches per hour, then the 
figures for the roof area must be adjusted proportionately by multiplying the figure by 
4 and dividing by the maximum rate of rainfall in inches per hour. 


Minnesota Plumbing Code 


TABLE 6-9. SIZE OF VERTICAL RAINWATER LEADERS 


SIZE OF LEADER OR CONDUCTOR* MAXIMUM PROJECTED ROOF AREA 
(INCHES) (SQUARE FEET) 


2 720 
21/2 1,300 
3 2,200 
4 4,600 
5 8,650 
6 13,500 
8 29,000 


Table 6-9 is based on a maximum rate of rainfall of 4 inches per hour. If in any locality, the 
maximum rate of rainfall is more or less than 4 inches per hour, then the figures for roof 
area must be adjusted proportionately by multiplying the figure by 4 and dividing by the 
maximum rate of rainfall in inches per hour. 


*Note that all of the tables presented in this chapter were 
taken from the Minnesota Plumbing Code and apply only to 
the State of Minnesota. The apprentice must consult the 
local plumbing code for his area for its equivalent tables 
before sizing any pipe on the job in another area, as there 
may be some differences. 
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square feet of that portion of the roof drained by 
a particular pipe. Table 6-8 is used for sizing 
horizontal storm drains for building storm sew- 
ers, building storm drains, and horizontal rain- 
water pipes. Table 6-9 is used for sizing vertical 
rainwater leaders. The apprentice should note 
that Tables 6-8 and 6-9 are based on a maximum 
rainfall of 4 inches per hour and can be adjusted 
for greater or lesser amounts of rainfall to suit 
local weather conditions, as explained in the 
notes below the tables. 

Building Storm Drain and Rainwater Leader 
Sizing EXAMPLE. To familiarize the apprentice 
with the use of Table 6-8 and 6-9 the following 
example is offered: 

Size the rainwater leaders and building storm 
drain pipes illustrated in Figure 6-47. 

Assume the following: 

1. The building roof which is 60 feet x 100 feet 
or 6000 square feet is divided into 4 equal (1500 
square foot) areas by roof dividers. 

2. The building storm drain pipes are pitched 
в of an inch to the foot. 

From Table 6-8: 


Pipe А, 
is 8 inch. 

Pipe B, which drains 6000—1500=4500 sq. ft., 
is 6 inch. 

Pipe C, which drains 4500 — 1500--3000 sq. ft., 
is 5 inch. 

Pipe D: All branch drain pipes D drain 1500 
square feet and are 4 inch. 

From Table 6-9: 

All the vertical rainwater leaders drain 1500 
square feet and are 3-inch pipes. 

The above example of the vertical rainwater 
leader being a smaller size than the horizontal 
pipe is not unusual with a '/s-inch pitch. Тһе 
underground pipe is reduced on the vertical 
rise, as illustrated in Figure 6-48. 


which drains 6000 square feet, 


Figure 6-48: Reducing the size of a 4-inch horizontal storm 
drain pipe to a 3-inch rainwater leader. 


Figure 6-47: Sizing storm drainage pipes within a building. 
(Ralph R. Lichliter) 
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о REVIEW QUESTIONS 


1. In general terms, what is thes plumber's 
responsibility for correct and safe installation of 
sanitary drainage facilities in a building? 

2 Define the term "drainage fixture unit." 
How was this unit determined as a standard for 
calculating the sizes of drainage pipe? 

3. What is the minimum size of building 
sewer pipe permitted by most state plumbing 
codes? 

4. From the tables in the text, determine the 
number of drainage fixture units (dfu) and the 
size of horizontal branch drain pipe required to 
serve this list of fixtures: 


3 Water closets 4 Lavatories 
1 Bathtub 2 Kitchen sinks 
2 Laundry trays 


5. Define the term "stack." Distinguish be- 
tween a soil stack and a stack vent. 

6. At what point does a stack change from 
being a soil stack and become a stack vent? 

7. Define "stack vent" and “vent stack" in 
your own words to the satisfaction of your in- 
structor. 
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8. List as many kinds of approved fittings or 


combinations of fittings as you can for making 


the following changes of direction in a drainage 
pipe line: 


Horizontal turns Horizontal to vertical 


turns 
Vertical to horizontal Combination turns with 
turns cleanouts 


9. What is the minimum size a soil stack and 
building drain may be in a residence? What is 
the minimum size of a drain branch under a 
concrete floor (basement floor)? 

10. Give two important purposes served by the 
vent piping of the plumbing system. 

11. What is a "stack group”? 

12. What is a "trap агт”? 

13. Define the term “continuous waste and 
vent." i 

14. What is the purpose of a yoke vent? 

15. Why do some plumbing codes requirethata 
vent stack be enlarged to at least 2-inch size 
before it passes through the roof of a building? 

16. On what basis is the proper size of the 
storm water drainage system calculated? 


CHAPTER 


Sizing of 


Sanitary Drainage 


In the preceding chapter, sanitary drainage 


and vent pipe installation practices were dis- 


cussed as separate units of the drainage system. 
It may be difficult for the apprentice to correlate 
these units into a complete plumbing system 
because of the many complex problems that 
arise. 

The drainage system, as a whole, consists of 
many forms of waste and vent piping correlated 
into one specific unit. Problems in graduating 
the sizes of the waste and vent pipes become 
more difficult, and many important details can be 
overlooked, unless the apprentice becomes fa- 
miliar with the complete plumbing installation 
and sees how to apply the information pre- 
sented. 

So that you may acquire a better understand- 
ing of the principles involved, several plumbing 
layouts are presented in this chapter. Each of 
these layouts serves to explain basic principles 
of sanitary drainage ànd vent piping installa- 
tions, as these principles are commonly applied. 


and 
Vent Piping 


To simplify the drawings in this chapter, the 
following abbreviations and symbols will be 
used: 


Vent pipe 
—— Waste pipe 
Size of pipe (number in circle) 
BT Bathtub 
CO . Cleanout 
FD Floor drain 
KS Kitchen sink 
Lav Lavatory 
LT Laundry tray 


SP Stand pipe (for automatic 
clothes washer drain) 


U Urinal 
WC Water closet 
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Figure 7-1. Sanitary waste and vent piping layout for a 
one-story home. 
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Single Family Home— 
Minimum Venting Requirements 


Figure 7-1 illustrates the sanitary drainage and 


vent pipe arrangement of a single family home 


that is permitted in some areas. The installation 


consists of a water closet, lavatory, bathtub, and 


kitchen sink on the first floor, and a laundry tray 
and a floor drain in the basement. 

The building drain would be constructed of 
3-inch pipe. The 3-inch building drain would be 
increased to 4-inch pipe for the building sewer, 
and the building sewer would be extended to a 
septic tank or the sanitary sewer main in the 
street. A cleanout should be provided on the 
inside of the basement wall (front main clean- 
out) and at the end of each horizontal run. The 
front main cleanout should be extended at least 2 
inches above the floor to discourage the homeown- 
er from removing the cleanout plug and using the 
cleanout as a floor drain, or from setting a water 
closet on it. { 

The branch of the building drain that serves 
the laundry tray and the basement floor drain is 
2-inch pipe. This pipe reduces to 1'/2-inch pipe 
above the basement floor and a cross fitting is 
installed to provide an opening for the laundry 
tray waste and a cleanout. At the top of the cross 
the pipe is again reduced to 1'/4-inch size to vent 
the laundry tray trap. This 1'/4-inch vent pipe 
connects back into the 3-inch stack at a point 6 
inches above the spill line of the kitchen sink (3 
feet 6 inches above the first-floor line). 

The piping layout shown in the bathroom area 
of Figure 7-1 is a stack group. It represents the 
minimum requirement for a waste and vent pipe 
installation. An arrangement of this kind might 
not be permitted in areas with strict plumbing 
codes. In this installation, the bathtub, lavatory, 
and kitchen sink are not individually vented but 
rather their drains are just arms from the stack. 
(Note that the bathtub drain enters the stack at 
or above the water closet opening.) 

Tests have proved that the separate re-venting 
of these fixtures is not necessary, provided that 
the distance between the trap and the stack, 
which in this instance is the point of vent, does 
not exceed 2 feet 6 inches for the 17/4-іпсһ 
lavatory trap, or 3 feet 6 inches for the 1'/2-inch 


bathtub and kitchen sink traps, as indicated in 
Figure 7-1. 


Single Family Home— 
All Fixtures Individually Vented 


Figure 7-2 presents the layout of a sanitary 
drainage and vent pipe installation for the home 
illustrated in Figure 7-1. This installation is de- 
signed to satisfy the maximum requirements of 
nearly all localities. This layout is recommended 
over that pictured in Figure 7-1. In this installa- 
tion, all fixtures are trapped, and each trap is 
vented except the floor drain. 

The building drain from the stack is 4-inch 
pipe with a 4-inch cleanout at the inside of the 
basement wall. 

The branch serving the floor drain, laundry 
tray, and stand pipe for the automatic clothes 
washer is 2-inch pipe, as in Figure 7-1. 

All of the fixtures draining into the stack have а 
continuous waste and vent. The horizontal 
branch drain to the right of the stack, which 
serves the lavatory, is constructed of 1'/4-inch 
pipe. The branch to the left of the stack, which 
serves the kitchen sink and bathtub wastes, is 
2-inch pipe for the portion that serves both of 
these drains. It then reduces to 17/2-іпсһ pipe for 
the bathtub drain. 

The horizontal vent connecting to the stack on 
the right side is 1'/4-inch size to serve the lavato- 
ry drain. On the left side, the vent is 2-inch pipe 
to the first tee, which is the future vent. A future 
vent is provided so that if at some future time the 
homeowner wishes to install a basement bath- 
room, there will be a proper size vent opening for 
these fixtures. After the future vent opening, the 
vent reduces to 17/2-іпсһ pipe to receive the 
kitchen sink and bathtub vents. After the bathtub 
vent, it again reduces to 17/4-іпсһ size for the 
basement laundry tray and stand pipe vents. 

Cleanouts have been indicated at the outside 
wall on the building drain (front main cleanout), 
at the base of the 3-inch soil stack (stack base 
cleanout), and at the ends of the horizontal 
branches draining into the stack. A cleanout is 
also shown on the vent pipe above the laundry 
tray and stand pipe to serve this horizontal 
branch drain. 
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Figure 7-2. Sanitary waste and vent piping layout for a 
one-story home showing all fixtures individually vented. 
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Figure 7-3. Plumbing layout for a two-story home showing 
individual venting of fixtures. 
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Two-Story Single Family Home— 
All Fixtures Individually Vented 


Figure 7-3 is a layout of plumbing consisting 
of a water closet, lavatory, and kitchen sink on 
the first floor, and a water closet, lavatory, and 
bathtub on the second floor of a residence. A 
laundry tray and floor drain are located in the 
basement. This figure serves to illustrate the 
principles of individual fixture venting. 

The building drain and stack installation that 
serve the fixtures in Figure 7-3 are similar to 
those of Figures 7-1 and 7-2 except that a 
provision for the second-floor bathroom must be 
provided. The kitchen sink in this figure is locat- 
ed so that it is not practical to drain it into the 
stack but rather, it drains into the building drain 
branch serving the basement laundry tray and 
floor drain. 

The building drain branch, which receives the 
wastes from the laundry tray and floor drain in 
the basement and the kitchen sink on the first 
floor, is sized at 2 inches below the basement 
floor. Above the floor, this pipe reduces in size to 
11/2 inches for both the laundry tray and kitchen 
sink wastes. The vent for the laundry tray is 
1'/4-inch pipe, and this vent continues up to the 
first floor where it ties into the 17/4-іпсһ kitchen 
sink vent at a point 6 inches above the kitchen 
sink spill line (or about 3 feet 6 inches above the 
kitchen floor). This 11/4-іпсһ vent pipe then con- 
tinues up to a point below the roof where it is 
increased to 2-inch pipe before passing through 
the roof. 

The first-floor water closet is set off to the side 
of the 3-inch stack, and drains into a 3-inch 
sanitary tee and then a wye in the stack. There 
are also specially designed fittings for offsetting 
a water closet on a lower floor from the stack so 
that the water closet may be properly vented. 
These fittings are called vented closet tees (and 
crosses). They are available with side openings 
to accept the wastes of other fixtures on the 
same floor. Figure 7-4 illustrates vented closet 
tees in both hub and no-hub type soil pipe. 

Waste from the lavatory on the first floor is 
drained by 1'/4-inch pipe into either a wye below 
the closet bend or into the side opening of the 
vented closet tee. 


NO-HUB SOIL PIPE VENTED CLOSET TEE 
WITH 2-INCH SIDE WASTE OPENING 


BELL AND SPIGOT SOIL PIPE VENTED CLOSET TEE 
WITH 2-INCH SIDE WASTE OPENING 


Figure 7-4. Vented closet tees. (Tyler Pipe) 


The first-floor 2-inch water closet vent re- 
ceives the 1'/s-inch lavatory vent and continues 
up to the second floor. There, it picks up the 
1'/4-inch vent from the second-floor lavatory and 
ties back into the stack at a point 6 inches above 
the spill line of the lavatory (about 3 feet above 
the second floor). 

The waste from the second-floor lavatory dis- 
charges into a double wye placed in the stack 
below the closet bend. The 1'/z-inch bathtub 
waste discharges into the other side of this 
double wye. The vent from the bathtub is 17/4- 
inch pipe. It also ties back into the stack. 

Cleanouts have been indicated at the outside 
wall on the building drain, at the base of the 
1'/»-inch kitchen sink waste stack, on the laun- 
dry tray vent stack, and on the horizontal branch 
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Figure 7-5. Plumbing layout for a duplex residence. 


Plumbing—Installation and Design 


serving the first-floor lavatory waste. However, 
they have not been shown on the horizontal 
branches serving the bathtub and lavatory on the 
second floor because proper access to them 
would not usually be provided in a residence. 


Duplex Residence 


Figure 7-5 represents the plumbing installa- 
tion for a duplex residence. It consists of a water 
closet, lavatory, and two laundry trays in the 
basement, as well as bathrooms on the first and 
second floors, each of which has a water closet, 
lavatory, and bathtub. A sink is provided in each 
kitchen. 

The building drain, with the exception of varia- 
tions in stack and waste locations, is 4-inch size, 
as in the preceding illustrations. The stack is 
3-inch pipe and has bathroom branch connec- 
tions on both the first and second floors. The 
stack is installed in the partition directly in back 
of the water closet. 

The basement water closet is vented with a 
2-inch wet vent into which the 17/4-іпсһ base- 
ment lavatory waste has been connected. The 
2-inch vent is extended from the basement toilet 
room to the first floor, where it ties into the vent 
from the first-floor fixtures. 

The bathtub waste of the first-floor bathroom 
is made of 1'/2-inch pipe. This waste pipe also 
receives the lavatory waste, and then it discharg- 
es into the stack at or below the closet bend. The 
bathtub is wet-vented through the lavatory 
waste, which has been increased to 1'/-inch 
pipe. The 11/4-іпсһ lavatory and bathtub vent 
connects to the 2-inch vent for the first-floor 
water closet, and this vent extends to the second 
floor, as shown. 

The second-floor bathroom waste pipe is iden- 
tical with that of the first floor. On the second- 
floor level, the 2-inch vent from the basement 
and first-floor fixtures ties back into the stack. 

The laundry trays are connected to a common 
waste of 1'/2-inch pipe and are vented by the 
common vent method—with a 17/4-іпсһ pipe that 
connects into the vent portion of the kitchen sink 
stacks. 

Both kitchen sinks discharge into the same 
11/2-іпсіһ waste pipe. Each kitchen sink is indi- 
vidually vented with 11/4-іпсһ pipe. At the tee, 


where the laundry tray vent ties into the first- 
floor kitchen sink vent, the vent increases to 
11/2-іпсһ pipe. This 1'/2-inch pipe continues to 
the second floor to pick up the 1'/4-inch vent 
from that sink. The vent then continues as 11/2- 
inch to a point below the roof, where it increases 
to 2-inch pipe before passing through the roof. 

The underground pipe serving the kitchen sink 
and the basement laundry trays and floor drain is 
2-inch pipe because it is considered to be a 
building drain branch from a stack. As a branch 
from a stack, it is sized from Table 6-2, and it may 
drain 21 drainage fixture units (dfu) at 1/4-іпсһ 
pitch. If this pipe was considered a horizontal 
fixture branch, it would be sized from Table 6-3, 
and it could only drain 6 dfu in the 2-inch size. 
(The apprentice should recognize that the por- 
tion of the underground pipe serving the base- 
ment laundry trays is a horizontal fixture 
branch.) 

The installation shown in Figure 7-5 may be 
individually vented if necessary to conform with 
the local plumbing code. To do this, the base- 
ment lavatory and the bathtubs on the first and 
second floors would require individual vents. 


Apartment Building Bathroom Stack— 
Minimum Venting Requirements 


Figure 7-6 is a typical installation of a bath- 
room stack in a two-story apartment building 
with no apartments in the basement. The bath- 
rooms are back-to-back installations. This de- 
sign is typical of many hotel and apartment 
building layouts. 

The waste portion of the stack may be 3-inch 
pipe since not more than two water closets are 
entering the stack at any one-story or branch 
interval. The vent portion of this soil stack (the 
stack vent) need not continue at the full 3-inch 
size through the roof if there is another full-size 
stack in the building. 

The second-floor water closets would empty 
into a 3-inch sanitary cross in the stack. The 
first-floor water closets could drain either into a 
3-inch sanitary cross, which would then waste 
into a 3-inch wye placed in the stack, or they 
could waste into a vented closet cross fitting 
similar to the vented closet tees illustrated in 
Figure 7-4. 
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Figure 7-6. Typical bathroom stack in a two-story apartment 
building with back-to-back bathrooms. The bathtubs are 
wet-vented. 
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The two 17/2-іпсһ bathtub wastes on each floor 
drain into a common 2-inch waste pipe. This 


waste drains either into а wye placed below the 
water closet waste fitting or into the side open- 


ing of a vented closet cross. Since 2 dfu drain 
into the common lavatory waste on each floor, 


and this lavatory waste is also the wet vent for 


the bathtubs, the pipe is 2 inches in size. (Re- 
member what was said in the last chapter: 
no more than 1 dfu may drain into a 1'/2-inch wet 
vent and no more than 4 dfu may drain into a 
2-inch wet vent.) 

The 2-inch first-floor water closet vent pipe 
picks up the 17/2-іпсһ vent serving the lavatories 
and bathtubs. This 2-inch vent continues up to 
the second floor to pick up the 17/2-іпсһ lavatory 
and the 2-inch water closet vent there, and then 
it ties back into the stack. 


Apartment Building Bathroom Stack— 
All Fixtures Individually Vented 


Figure 7-7 illustrates how the apartment stack 
shown in Figure 7-6 would be piped and sized 
with every fixture vented. 

In this installation, the back-to-back lavatory 
waste is reduced to 1'/2-inch pipe with a 17/4- 
inch common vent for the two lavatories. The 
two bathtubs are vented with a 1'/4-inch com- 
mon vent pipe. The rest of the waste and vent 
pipe sizing is the same as Figure 7-6. 


Apartment Building Kitchen Sink Waste Stack 


Figure 7-8 illustrates the sizing of a kitchen 
sink waste stack of the type that might be found 
in apartment buildings that use a bathroom 
stack like the one shown in Figures 7-6 and 7-7. 

The lowest portion of this stack is 2-inch pipe 
because it receives 8 dfu. The portion that re- 
ceives only the waste of the two kitchen sinks on 
the first floor is also sized as 2-inch pipe, as is 
the portion that receives only the waste from the 
second-floor kitchen sinks. The reason is that 
the stack sizing table (Table 6-4) allows only 2 
dfu to drain into a 1'/2-inch waste stack on any 
one floor or branch interval. 

The vent from the first floor sinks is 1'/4-inch 
pipe. This pipe is extended to the second floor, 
where it ties back into the stack vent above the 
second-floor sinks. The 11/4-іпсһ vent from the 
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Figure 7-7. Typical bathroom stack in a two-story apartment 
building with back-to-back bathrooms. АП fixtures are com- 
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Figure 7-8. Typical kitchen sink stack in 
a two-story apartment building with 
back-to-back kitchens. 
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Figure 7-9. Multistory bathroom stack, showing bathtubs 
wet-vented through lavatory waste. 
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second-floor sinks is increased to 17/2-іпсһ at 
this tee and continues to a point below the roof, 


.where it increases to 2 inches before passing 


through the roof. 


Multistory Building Bathroom Stack 


Figure 7-9 is an installation common to multi- 
story apartment and hotel buildings. The individ- 
ual bathroom waste and vent pipe connections 
are typical of those in a small residence. The 
bathtub trap is wet-vented through the lavatory 
waste. 

A 4-inch soil stack would be required to re- 
ceive the wastes from the bathrooms because 
there are more than six stories or branch inter- 
vals of bathrooms. Since the rest of the individu- 
al bathroom waste and vent piping is the same as 
that shown in Figure 7-5 for the first-floor bath- 
room, only one bathroom has the individual 
pieces of pipe sized. | 

The vent stack is sized as 3-inch pipe from 
Table 6-6, the vent stack sizing table. To review 
this sizing method, the apprentice should refer 
back to Table 6-6: 

1. There are 72 dfu discharging into the waste 
stack. Each floor discharges the following into 
the stack: 


1 water closet = 6 dfu 
1 lavatory = 
1 bathtub = 2 dfu 
Total each floor 9 dfu 


9 dfu x 8 floors = 72 dfu 


2. The developed length of the stack is 
assumed to be at least 80 feet (eight floors x 10 
feet each floor for floor-to-ceiling height). 

3. Follow down the left-hand column (“Size of 
Soil or Waste Stack") of Table 6-6 to the first 
number 4 (4" waste stack). Move across the table 
to the right—as less than 240 dfu connect into 
the stack, keep moving to the right. The only 
developed length that applies to this example is 
in the 3-inch "Diameter of Vent" column (since 
the length of the stack in this example is more 
than 70 feet). 

The 3-inch vent stack ties back into the waste 
stack below the first-floor bathroom, as shown. It 
also has a 3-inch yoke or relief vent, which is 
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installed between the third and fourth floors. The 
vent stack extends up to the roof where it either 
continues on through the roof or reconnects into 
the 4-inch soil stack. 


Two-Story Industrial Building 
Toilet Room Piping 


Figure 7-10 represents the waste and vent pipe 
installation for a small toilet room on each floor 
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Figure 7-10. Waste and vent pipe installation for a two-story 
industrial building. 


of atwo-story industrial building. The lower floor 
men’s toilet room contains two water closets, 
two wall-hung urinals (2-inch trap), and two 
lavatories, all of which are located on the same 
wall. On the upper floor is а мотеп 5 toilet room 
containing four water closets and four lavato- 
ries. The fixtures in this toilet room are also 
located on the same wall. 

The first-floor water closets are all connected 
to the same 4-inch horizontal branch pipe, which 
connects into the 4-inch stack. This horizontal 
branch pipe is sized from Table 6-3. The end of 
this branch extends 2'/2-inch pipe to receive the 
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Figure 7-11. Waste and vent pipe installation for a two-story 
office building with men's and women's toilet rooms back- 
to-back on each floor. 
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wastes from the two urinals and two lavatories 
located on the first floor: 


2 wall-hung urinals 4 dfu each = 8 dfu 
plus 2 lavatories (2 1 dfu each = 2 dfu 


Total 10 dfu 


At the first urinal, the horizontal waste pipe 
reduces to a 2-inch size. After the second urinal, 
this pipe reduces to 17/2-іпсһ size for the portion 
that receives the waste from both lavatories, and 
then reduces again to 1'/4-inch pipe for the last 
lavatory waste. 

The urinals and lavatories are individually 
vented with 1'/4-inch pipe. These 11/4-іпсһ indi- 
vidual fixture vents tie together into a 1'/4-inch 
horizontal vent pipe, which increases їо 17/2-іпсһ 
pipe at the second urinal vent. The horizonta! 
vent pipe receives the 2-inch individual vents 
from the water closets and extends 2-inch pipe 
up to the second floor, where it ties together with 
the second-floor horizontal vent pipe. 

The second-floor toilet room water closets 
empty into a 4-inch horizontal branch pipe. The 
end of this branch extends 2-inch pipe to receive 
the wastes from the four lavatories. After the first 
lavatory waste, this pipe reduces to 17/2-іпсһ 
pipe for the next two lavatory wastes and then 
reduces again to 17/4-іпсһ pipe for the last lava- 
tory waste. 

The four lavatories on the second floor are all 
individually vented with 17/4-іпсһ pipe. These 
four 11/4-іпсһ lavatory vents connect to a 17/4- 
inch horizontal vent pipe. This horizontal vent 
pipe increases to 2-inch pipe at the point where 
the first 2-inch individual water closet vent ties 
into it. The vent then continues 2-inch size 
picking up the other three 2-inch water closet 
vents. Another 2-inch tee is provided for the 
connection for the 2-inch vent from the first- 
floor toilet room, before the vent connects 2- 
inch size into the stack vent. 


Two-Story Office Building 
Toilet Room Piping 


Figure 7-11 illustrates the waste and vent pip- 
ing for back-to-back men's and women's toilet 
rooms on each floor of a two-story office build- 
ing. The men's toilet rooms contain four wall- 
hung water closets, two urinals (with 2-inch 


traps), three lavatories, and a 2-inch floor drain 
set between the urinals. In the women’s toilet 
rooms, there are five wall-hung water closets, 
four lavatories, and a 2-inch floor drain set 
between the second and third water closet stalls. 
In this installation, the wall-hung water closets in 
both toilet rooms are back-to-back on the com- 
mon wall, while the other fixtures are on the 
opposite wall of the toilet rooms. 

The water closet waste openings indicated in 
Figure 7-11 are different than others in this 
chapter because the water closets here are 
wall-hung. The symbol shown represents a 
wall-hung water closet supporting chair carrier 
fitting. Wall-hung water closet supporting chair 
carrier fittings are available in many styles to 
accommodate a large variety of different installa- 
tions. One of these fittings is pictured in Figure 
7-12. 

The water closets on both floors are connect- 
ed to a 4-inch horizontal branch constructed of 
water closet carrier fittings. The water closets 
that are back-to-back are common vented with 
2-inch pipe, and the single water closet in the 
women's toilet room also has a 2-inch vent. The 
vents from all the water closets on the first floor 
tie together into a 2-inch horizontal vent that is 
piped up to the ceiling where it receives the 
1 /4-inch vent from the lavatories in the women's 
toilet room and the 1'/z-inch vent from the uri- 
nals and lavatories in the men's toilet room. This 
2-inch vent then continues up to the second 
floor, where it ties back into the stack vent. 

The four lavatories in the first-floor women's 
toilet room are piped with individual 1'/4-inch 
wastes. The horizontal waste, which receives the 
individual 1'/4-inch lavatory wastes, increases to 
11/2-inch pipe at the second lavatory waste and 
then to 2-inch pipe at the fourth lavatory waste. 
This 2-inch waste pipe then turns back toward 
the stack where it receives the 2-inch waste from 
the floor drain in the women's toilet room before 
it discharges into a double wye in the stack. 

The horizontal waste pipe for the first-floor 
men's toilet room is sized as 11/4-іпсһ pipe for 
the first lavatory waste and 17/2-іпсһ pipe for the 
second and third lavatory wastes. This pipe then 
increases to 2-inch size to receive the first urinal 
waste and finally to 2'/2-inch pipe for the second 
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Figure 7-12. No-hub vertical closet carrier. (Wade Division, Tyler Pipe) 


urinal waste. The 27/2-іпсһ waste pipe turns back 
toward the stack, and while on the way, it re- 
ceives the waste from the 2-inch floor drain 
under the urinals. It then discharges into the 
double wye in the stack. 

The vent pipe from the lavatories and urinals in 
the first-floor men's toilet room is 11/4-іпсһ pipe 
for the three lavatory vents. It is increased to 
11/2-іпсһ pipe at the first urinal and continues as 
this size up to the ceiling, where it ties into the 
2-inch vent from the water closets. 

The vent from the four lavatories in the first- 
floor women's toilet room is all 17/4-іпсһ pipe. 

The sizes of the waste and vent pipes in the 
second-floor toilet rooms are identical to those 
in the first-floor toilet rooms and for that reason 
were not sized in Figure 7-11. 

The only difference in the piping of the toilet 
rooms between the first and second floors is that 
the 2-inch horizontal vent pipe for the water 
closets connects directly into the 4-inch stack 
vent. This is true also for the 1'/4-inch vent from 
the lavatories in the women's toilet room and the 
1'/»-inch vent from the lavatories and urinals іп 
the men's toilet room. 

Note: As a point of information, it should be 
mentioned that all the drainage and vent piping 
sized as 2V2-inch pipe in Figures 7-9, 7-10 and 7-11 
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would most likely be piped in a 3-inch size on the 
job. The reason for this is that although the 21-inch 
pipe size is shown in plumbing code sizing tables, 
2Vo-inch pipe and fittings are not available in most 
piping materials. 


(6) REVIEW QUESTIONS 


1. Give the abbreviations or symbols for: 


Waste pipe Cleanout 

Vent pipe Floor drain 
Size of pipe Stand pipe 
Laundry tray Floor drain 


2. Define a stack group. 

3. Sketch the piping in your apartment or 
home bathroom and size the piping. 

4. Sketch the entire sanitary drainage and 
vent piping system for a single family home you 
are familiar with and size it. 

5. Sketch and size the sanitary drainage and 
vent piping system for the men's and women's 
toilet rooms in your school. 

6. Explain why 2'/»a-inch drainage piping is 
seldom installed. i 


One basic principle of a plumbing installation 
is that ever | | 
trap is a fitting or device that provides, when 


properly vented, a liquid seal to prevent the 
emission of sewer gases without materially af- 


fectin water 
ugh it. 
Since the innovation of the first patented trap 


used on plumbing fixtures in the United States 
(in 1856), manufacturers have designed and of- 
fered to the plumbing industry hundreds of these 
devices, each one varying in construction. Test- 
ing of these traps demonstrated that some 
offered advantages over others under certain 
conditions, but most failed to come up to the 
standard expected of it when subjected to actual 
installation conditions. 

The gases that occur in public sewage Sys- 
tems, caused by the decomposition of organic 
materials within the sewers, have been dis- 
cussed briefly in Chapter 6. It is improbable that 
water-borne diseases, such as dysentery, ty- 
phoid, and cholera, can be transmitted through 
the gases of the public sewers. However, this 


СНАРТЕН 


Тһе 
Plumbing 
Trap 


fact does not lessen the importance of trap 
installations in a plumbing system. The proper- 
ties, both physical and chemical, of the many 
gases found in sewage systems are known, and 
their effect on the human body is often serious. 
No individual could remain healthy if the at- 
mosphere contains large quantities of hydrogen, 
hydrogen sulfide, methane, or carbon dioxide; 
and even a small amount of carbon monoxide in 
the atmosphere within a building may be fatal. 
Many of these sewer gases are obnoxious, and, if 
not fatal when breathed by human beings, are 
nauseating and undesirable. 

The basic function of a trap on a plumbing 
ixture is to prevent these орје опарге sewer 
gases from entering the building. The trap Is no 
designed to catch or retain any items that fall in 
the fixture. 

Because of extreme conditions caused by si- 
multaneous fixture use and overtaxed waste 
conditions, the plumbing system is subjected to 
minus and plus pressures, which affect the liquid 
content of the trap. (This will be discussed later.) 
Traps consisting of movable internal mecha- 
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nisms that form their seals were produced to 
overcome these difficulties. In principle, these 
devices were to act as mechanical barriers 
against the passage of sewer gas. But these 
various types of traps failed because the dis- 
solved and suspended materials contained in the 
waste corroded their movable parts and caused 
them to fail. Most plumbing codes prohibit their 
installation for these reasons. 

Traps also have been designed with internal 
metal partitions, which were subject to acid 
conditions of the waste. The objective of this 
design was compactness and neat appearance. 
But these forms of traps also have failed and are 
prohibited. 

Today, sanitary authorities depend on and 
design plumbing systems that use traps with a 
water seal. A well-designed vent system is essen- 
tial to maintain a constant pressure of 1 atmo- 
sphere (14.7 pounds per square inch at sea level) 
to make the water seal trap effective. 


о TYPES OF TRAPS 


The most practical form of water seal trap is 
constructed in the form of the letter P. Hence its 
name, the P-trap. There are other forms of water 
seal traps: the drum trap; the running trap; the 
S-trap (shaped like the letter S); and the 9; 
S-trap. These traps will be discussed in detail 
later in this chapter. 


The P-Trap 


A P-trap and its parts are illustrated in Figure 
8-1. It must be installed as close to the fixture as 
is possible. This practice overcomes the tenden- 
Cy for the inlet side of the trap to become fouled. 
Each time that the fixture is discharged, a quan- 
tity of the liquid waste is arrested and retained in 
the dip of the trap. The liquid content is termed 
the trap seal, and may be defined as the column 
of water retained between the crown weir and 
the top dip of the trap. There are two forms of 
water-sealed P-traps. These are known as the 
common seal (Figure 8-2) and the deep seal 
(Figure 8-3). The common seal trap has a depth 
of 2 inches between the crown weir and the top 
dip. The deep seal retains twice this column of 
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TOP DIP 
BOTTOM DIP 


Figure 8-1. A P-trap. 


Figure 8-2. Common seal P-trap. 


Figure 8-3. Deep.seal P-trap. 
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water, or 4 or more inches of liquid content. 

The common seal trap is normally used on 
plumbing fixtures. The deep seal trap also may 
be used under normal conditions, but it is in- 
tended for abnormal situations, such as extreme 
heat, and for use where complete venting cannot 
be obtained. Deep seal traps are also used for 
floor drains and indirect waste receivers. (An 
indirect waste is a waste pipe that does not 
connect directly with the drainage system but 
conveys liquid wastes by discharging into a 
plumbing fixture, interceptor, or receptacle that 
is directly connected to the drainage system.) 

There are two disadvantages to deep seal 
P-traps: 

1. Because water is contained in the trap, 
there is increased resistance to the flow of waste 
water through the trap. 

2. Because the trap seal is 2 inches deeper, 
the distance between the outlet and the bottom 
of the trap is 2 inches lower than a regular seal 
trap, and more space is required for installation. 
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Figure 8-4. P-traps of various piping materials. 


TABLE 8-1. TRAP SIZES FOR VARIOUS 
PLUMBING FIXTURES. 


MINIMUM 
SIZE 
TYPE OF FIXTURE OF TRAP 
IN INCHES 
еп јео ои и ки ___ = ІШ» 
: 1 
Pise киши NN 126 
Dental unit or cuspidor .................. 1/4 


Diinlingsfountein-- m mra 


Dishwasher, domestic .................... 11/2 
Dishwasher, commercial .................. 2 
Floor drain 222122252222 27 702 TES 253. 
or 4 
ах UT E 11/4 
Laundry tray (one or two compartment) ........ 11/2 
1 
SINKS: | 
Combination, sink and tray (with disposal unit) .... 1'/ 
Combination, sink and tray (with one trap) ...... TE: 
—. Domestic with or without disposal unit . .... 1 
са ИЛЕН, ты 4... ТЕ 
аа... 2... 12 
Flushrim or bedpan washer ................ 3 
Service vUa келн о Е 2 or 
3 
Pot ог Беше о а ЕЦ олу E 2 
Soda fountains. а... а а ан ee 11/2 
Commercial, flat rim, bar, or counter ......... 11/2 
Wash, circular or multiple ................. 1/2 
. URINALS: | 
Pedestalia И лус е ы ыы МММ ша 9 
Речте clio, 
or 2 
Trough (per 6-foot section) ................ [5 
Si || о. ОООО нан 2 
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The Plumbing Trap 


Figure 8-5. P-trap installed on a wall-hung lavatory. 


The P-trap may be obtained in sizes from 17/4 
to 6 inches in diameter, although, as is shown in 
Table 8-1, only floor drains, pedestal urinals, and 
water closets have traps larger than a 2-inch 
size, and these three types of fixtures are usually 
constructed with integral (built-in) traps. (Wall- 
hung service sinks may also have a trap larger 
than a 2-inch size, but this fixture is usually 
supplied with a P-trap standard.) The P-trap may 
be used for all of the fixtures listed on Table 8-1 
with the exception of the water closet, which is 
manufactured with an integral S-trap. 

The P-traps used for the fixtures listed on 
Table 8-1 that do not have an integral trap are 
constructed of one of the materials illustrated in 
Figure 8-4. In fact, most of the smaller plumbing 
fixtures (those which have 11/4- or 11/2-inch 
traps) are at present installed with either a tubu- 
lar brass or plastic P-trap, as illustrated in Figure 
8-4. 

Figure 8-5 shows how a P-trap may be used in 
connection with a wall-hung fixture. It must be 
installed as close to the fixture as is practical, 
and care should be taken so that the vertical inlet 
leg of the trap does not exceed 24 inches be- 
tween the fixture outlet and the trap weir. This 
practice eliminates high velocities, which can 
cause trap seal loss, and lessens the possibility 
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of fouling. The horizontal leg (outlet) connection 
to the waste system must also be short so that 


_ the trap will be properly vented. 


Figure 8-6 illustrates the use of a P-trap on a 


fixture that is set on the floor. In this type of 


installation, the trap is concealed between the 


. building joists. 


Anti-syphon P-Traps. Anti-syphon P-traps 
have been designed to increase resealing quali- 
ty. The additional reseal is obtained by enlarging 
the volume of water in the trap through building 
a bowl of increased diameter into the outlet leg 
of the trap. Figure 8-7 illustrates a typical anti- 
syphon P-trap. These traps are effective when 
installed under normal conditions and when the 
installation is comparatively new. However, con- 
tinued discharge of greasy wastes tends to re- 
duce the diameter of the bowl, and when this 
occurs, no benefits can be expected of the trap. 


Figure 8-6 P-trap installed on a bathtub drain. 


Figure 8-7. Anti-syphon P-traps. 


Figure 8-8 Drum traps of various piping materials. 


The Drum Trap 


The drum trap, also a water-sealed device, 
gets its name from its large diameter. These 
traps are designed in a variety of styles depend- 
ing on the material from which they are made. 
(See Figure 8-8.) 

A drum trap has the advantage of containing a 
larger volume of water than a P-trap. It was the 
opinion of some plumbing authorities that a 
greater volume of water could be passed 
through a drum trap than a P-trap in a given time 
interval. The resealing quality of a drum trap is 
greater than that of a P-trap, and because trap 
seal loss is more common in fixtures discharging 
greater volumes of water, the drum trap was 
considered more practical for this kind of instal- 
lation. 

The most common use of a drum trap in a 
home plumbing installation was on the bathtub, 
as illustrated in Figure 8-9. This installation pre- 
vailed because the bathtub is a fixture that 
usually contains a large volume of water. 

The drum trap has some disadvantages, how- 
ever. This type of trap is large and cumbersome, 
and because it retains a large volume of waste 
water, it tends to become a miniature cesspool. 
Drum traps are also objectionable because their 
cover or cleanout opening is above the water 
seal, and unless the plumber uses a lubricant 
and a washer in the joint between the cover and 
the body of the trap, it may leak sewer gas into 


Figure 8-9. Drum trap on a bathtub drain. 


the room in which the trap is installed. For these 
reasons the use of drum traps is not recom- 
mended by modern plumbing codes. 

The use of drum traps is usually restricted to 
laboratory tables, dental chairs, and other fix- 
tures that are difficult to vent properly. In these 
types of installations, the additional volume of 
water contained within the drum trap helps to 
prevent the loss of the trap seal by syphonage. 
(This point will be discussed later in this chap- 
ter.) 


The Running Trap 

The running trap is another type of water seal 
trap that plumbers sometimes install. Running 
traps are usually used to provide trap seal pro- 
tection on area drains, rainwater leaders, and 
downspouts, and also on the house trap in areas 
where the local plumbing code requires that the 
building drain be trapped. Several different types 
of running traps are illustrated in Figure 8-10. 


S-Traps and ?/4 S-Traps 


The full S- and 3/4 S-traps (Figures 8-11 and 
8-12) normally should not be used in plumbing 
installations because they present obstacles to 
proper venting of the trap. These traps were 
commonly installed when the crown venting 
method was permitted. S- and 3/4 S-traps form 
perfect syphons and are objectionable for that 
reason alone. 
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Figure 8-10. Running traps of various piping materials. 


Figure 8-11. Full S-trap. 


The plumber should avoid the installation of a 
P-trap into either long turn T-Y fittings or 
unvented vertical waste pipes, as shown in Fig- 
ure 8-13, for in these installations a P-trap is 
made into an S-trap. The use of two fittings to 
offset the outlet of a P-trap downward, as shown 
in Figure 8-14, also creates an S-trap and should 
be avoided. 


AVOID 


Figure 8-12. 3/4 S-trap. 


Plumbing codes prohibit the installation of S- 
апа 3/4 S-traps except in two cases: (1) in replac- 
ing a similar trap (for example, in repair work), 
and (2) when the S-trap is an integral part of a 
water closet. It is permitted on a water closet 
because the self-syphoning action of an S-trap is 
essential to the flushing fünction of a water 
closet. 


Figure 8-13. The improper use of fittings has made the 
above two P-trap installations into S-traps. 


makes it into an S-trap. 


> —CLEANOUT 


Figure 8-15. Cleanout opening on a P-trap. 


Size of Traps 


The size of the trap required for a specific 
plumbing fixture has been established by labora- 
tory tests. In Chapter 6, Table 6-1 ("Fixture Unit 
Valves for Various Plumbing Fixtures") listed the 
minimum size trap and drain for various plumb- 
ing fixtures in addition to their individual fixture 
unit values. This portion of the table has been 
reproduced in Table 8-1, “Тгар Sizes for Various 
Plumbing Fixtures." 


Materials Used for Traps 


Traps available at present are made from near- 
ly all of the different types of piping materials 
discussed in Chapter 3. Figure 8-4 illustrates 
P-traps constructed from a variety of different 
materials, and Figure 8-8 illustrates drum traps 
available in different piping materials. 


Cleanouts 


Because of their construction all traps are 
subject to stoppage, and each must be provided 
with a cleanout or be so designed that it can be 
easily disassembled. Figure 8-15 illustrates a 
typical cleanout opening on a P-trap. 


Figure 8-14. Offsetting the outlet of the P-trap downward 


[s] PROHIBITED TRAPS 


Bell Traps. Bell traps (Figure 8-16) were in- 
tended for use with certain specialized plumbing 
fixtures. These traps were commonly installed 
for indirect or local wastes, such as old- 
fashioned ice boxes and similar fixtures. The 
purpose of a bell trap was to prevent the passage 
of sewer gases. The seal in a bell trap is formed 
by a raised metal rim that is cast into a depressed 
bowl. A furrowed bell or cap, placed over the rim, 
forms a small water seal. 


Figure 8-17. А bag trap. 


Bag Trap. The bag trap (Figure 8-17) is an 
extreme form of S-trap and one that is seldom 
found except in old plumbing installations. 
Where is is encountered in repair work, it should 
be replaced with a trap of approved design. 

Other objectionable traps are traps that de- 
pend wholly or partially on the action of movable 
parts for their seal. Figure 8-18 shows a form of 
trap (now obsolete) that depended in part on an 
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1 PROHIBITED 


internal mechanism to complete its seal. This 
trap was provided with a hollow ball, which was 
supposed to drop into a concave seat after each 
flush of the fixture. Constructed of lead, this 
device was used mainly in connection with bath- 
tubs and similar fixtures. Tests and experience 
proved it inadequate. 

Figures 8-19 and 8-20 show traps that use 
internal partitions as the means of providing 
water seal. Although some traps of this type were 
permitted in certain areas, their efficiency is 
doubtful. 

Traps Made from Fittings. From the previous 
illustrations of the different varieties of P-traps, 
drum traps, S-traps, and running traps, you can 
easily visualize how these traps could be made 
up on the job with the proper assortment of 
fittings. However, plumbing codes usually pro- 
hibit the use of traps that are made up with 
fittings. There are two reasons for this require- 
ment: 

1. Plumbing codes usually require that the 
trap seal depth (the distance between the top dip 


TRAPS 


Figure 8-19. Internal partition traps. 
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Figure 8-18. A mechanically sealed trap. 


and the crown weir of the trap), as shown in 
Figure 8-21, must not exceed 4 inches. 

2. Also, the length of the trap seal must not 
exceed 6 inches (Figure 8-21) on traps 2 inches 
in size or smaller. 

Traps made up from fittings usually end up 
having a trap seal depth greater than 4 inches, 
and the horizontal length of the trap seal is 
usually more than 6 ‘inches, because of the 
length and radius of the fittings used to make up 
the trap. 

Perhaps the only combination of fittings for a 
P-trap (or running trap) that will meet the above 
requirements for trap seal depth and length is 
the use of the combination of a return bend and 
a 90? street elbow, as illustrated in Figure 8-22. 


Figure 8-20. Light metal partition traps. 


6” 
MAXIMUM 
|^ LENGTH ^ > 


TOP DIP 


BOTTOM DIP 


Figure 8-21. Recommended plumbing code trap require- 


ments: (1.) Fi traps shall hav epth 
less than two inche re than four inches. (2.) The 


etrap ed 4 inches 
where the waste pipe required is 2 inches or less. (Ralph 
Lichliter) 


Figure 8-22. A P-trap made from a return bend and a 90? street 
elbow. 


о TRAP SEAL LOSS 


As was stated earlier in Chapter 6, one of the 
most common and objectionable difficulties oc- 
curring in a drainage system is trap seal loss. 
This failure can be attributed directly to inade- 
quate venting of the trap and the subsequent 
minus and plus pressures that occur. There are 
at least six ways in which a trap seal may be lost: 

1. Syphonage | 
a. Direct or self-syphonage 
b. Indirect or momentum syphonage 


2. pack pressure 
3. Evaporation | 
a 


6. Wind effect 


г Syphonage 


Loss of the trap seal by syphonage is the result 
of a minus pressure in the drainage system. 
Through the phenomenon of syphonage, the 
seal content of the trap is forced into the waste 
piping of the drainage system by the atmospher- 
ic pressure on the fixture side of the trap seal. 

Syphonage of the trap seal occurs in two 
forms: self-syphonage (or direct syphonage) and 
indirect syphonage (or syphonage by momen- 
tum). 

Self-Syphonage. Self-syphonage is com- 
monly found in unventilated traps that serve 
oval-bottomed fixtures, such as a lavatory ora 
small service sink. It is the result of unequal 
atmospheric pressures caused by the rapid flow 
of water through the trap. A plumbing fixture 
with a rounded oval bottom discharges its con- 
tent abruptly and does not offer the small 
amount of trickling waste needed to reseal the 
trap. Figures 8-23, 8-24, and 8-25 give examples of 
fixtures of this type, with their connection to an 
unvented S-trapped waste. 

The seal content of the trap in Figure 8-23 is in 
a neutral position. Both the inlet and outlet sides 
of the trap are exposed to the atmosphere and 
are under identical pressure. 

Suppose the lavatory were filled with water 
and the waste plug suddenly would be removed, 
as shown in Figure 8-24. The water then would 
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OUTLET 


Figure 8-23. Syphonage: 
direct seal intact. 


rush through the trap and into the vertical waste 
pipe. It is a scientific fact that water is practically 
incompressible, and when it is forced into a 
vessel containing air, it compresses the extreme- 
ly elastic atmospheric gases; or, if the vessel is 
open to the atmosphere, it replaces them entire- 
ly. This is precisely what occurs in the installa- 
tion. The atmosphere in the vertical leg is re- 
placed by the liquid discharge of the fixture, and 
a minus pressure in the waste results. 


( 


trap. 
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Figure 8-24. Syphonage: 
direct fixture discharging. 


Figure 8-26. A trap may self-syphon because the normal 
pitch of the pipe is an excessive distance between the trap, 
and its vent places the vent opening below the weir of the 


INLET 


OUTLET 


nnnaunannnng 


Figure 8-25. Syphonage: 
direct loss of seal. 


The pressure of the atmosphere on the inlet 
side of the trap (Figure 8-25) continues to force 
the water from the trap until the seal is broken. If 
the trap or fixture does not have an adequate 
resealing quality, the trap seal remains broken 
and allows sewer gas to enter the room in which 
the fixture is located. 

Traps that serve fixtures of the flat bottom 
variety, such as sinks, bathtubs, shower baths, 
and laundry trays, are subject to the same diffi- 


EXCESSIVE ОІ5ТАМСЕ-----------”- 


VENT OPENING 
AT OR ABOVE 
TRAP WEIR 


Figure 8-27. Vent opening must be at or above the level of 


culty, but the seal content is never entirely ге- 
moved because the last trickle of water is suffi- 
cient to replenish the depleted trap seal. 

Figure 8-26 illustrates an installation in which 
it is possible for the trap to lose its seal by 
self-syphonage. In this installation, the trap is 
vented. However, the distance from the trap to its 
vent is excessive, and because of the normal 
pitch on the drain pipe from the trap, the vent 
opening is below the weir of the trap. To prevent 
self-syphoning of traps in installations of this 


FOR LENGTH 


Figure 8-28. The vent must be located so that the developed 
length from the fixture trap to the vent does not exceed the 
distance given in Table 8-2. 


the weir of the trap it serves. (Ralph Lichliter) D 


type, plumbing codes require that the vent open- 
ing be at or above the weir of the trap it serves. 
(See Figure 8-27.) The code will also specify a 
maximum distance from the trap to its vent to 
avoid the self-syphoning installations pictured in 
Figure 8-26. A typical code requirement of maxi- 
mum trap-to-vent distances for fixtures is listed 
in Table 8-2 and illustrated in Figure 8-28. 

From the above, the apprentice would be led 
to believe that the closer he can install a vent to 
the trap it serves the better the installation. This 


TABLE a 


SIZE OF 
FIXTURE DRAIN DISTANCE— 
IN INCHES TRAP TO VENT 
11/4 2 ft. біп. 
11/2 3 ft. 6 in. 
2 5 ft. 
3 6 ft. 
4 10 ft. 


*Note: The developed length between the trap of the water closet or 


similar fixture and its vent shall not exceed four (4) feet. 
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Figure 8-29. A crown-vented trap. 


is not the case. At one time, the traps were 
crown-vented, as illustrated in Figure 8-29. How- 
ever, when the vent was installed in this location 
some of the waste drained from the fixture was 
carried into the vent pipe by momentum. This 
waste would eventually block the vent pipe. For 
this reason, crown-venting is specifically prohib- 
ited by plumbing codes. 

A typical plumbing code also requires that no 
vent be installed within two pipe diameters of the 
trap weir as shown in Figure 8-30. For example: 
А 1'/2-inch trap must be at least 3 inches (2 х 17/; 
inches - 3 inches) from its vent; a 2-inch trap at 
least 4 inches; etc. 

Syphonage by Momentum. Loss of the trap 
seal by syphonage caused indirectly or by the 
momentum of water, as it passes a fixture trap 
outlet, is a difficulty commonly experienced in 
plumbing systems. This form of trap seal loss is 
the result of a minus pressure in the waste piping 
caused by discharge of waste from a fixture into 
a drain line that also serves a fixture placed at a 
lower elevation. The discharge of the higher 
fixture syphons the trap of the lower fixture. 
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Figure 8-31 shows a lavatory on the first floor 
and a sink on the second floor of a building, both 
installations having a common waste. When the 


. fixtures are not in use, the waste line and the 


room where the fixtures are located are under 
atmospheric pressure. Thus, the trap seals of 


. both fixtures remain stationary because of the 


equality. When the sink (on the second floor) is 
discharged into the waste, however, the volume 
of water rushes past the trap outlet of the lava- 


Figure 8-30. A vent opening may not be installed closer than 
two pipe diameters (distance A) fo the weir of the trap it 
serves. 
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Figure 8-31. Loss of trap seal by indirect syphonage. 


tory (on the first floor) and tends to lower the 
pressure on the trap leg. A minus pressure 
occurs in the trap outlet, and the seal is forced 
from the trap by the atmospheric pressure con- 
tained in the room. There is no possibility of 
resealing under these circumstances, and once 
the trap seal of the lavatory is lost, sewer gas 
may enter the room through the fixture trap. This 
type of installation (Figure 8-31) should never be 
used; Figure 8-31 is used merely to illustrate the 
condition described. 


Back Pressure 


Back pressure, which is caused by a plus 
pressure, is responsible for trap seal loss often 
experienced in large plumbing installations. It is 
a serious form of trap seal loss, for not only does 
it allow sewer gases to enter the building, but if a 
person is using the fixture at the time back 
pressure occurs he may be injured, or he may 
receive a thorough and unpleasant bathing. 
Back pressure actually blows the water out of 
the fixture into the room. Where sufficient pres- 
sure is produced, the content of the fixture trap 
often strikes the ceiling of the room. The fixtures 
in which this occurs are usually located at the 
base of soil stacks or where soil pipe changes its 
direction abruptly. 

The flow of water in a soil pipe varies. A single 
fixture may produce only a small trickle, which 
spirals down the sides of the soil pipe. Large 
flows may completely fill the pipe, and the com- 
pressed atmospheric gases, offering resistance, 
are unable to slip past the flow of water and find 
an exhaust at the roof terminal. As the water falls 
the pressure grows as the area into which the air 
is squeezed is reduced. Soon the resistance of 
the trap seal is overcome and the trap seal blows 
from back pressure. 

Figure 8-32 illustrates how back pressure can 
occur. The soil stack illustrated is connected to 
the building drain in the normal manner. A 
basement water closet is connected to the build- 
ing drain close to the base of the soil stack. The 
soil stack serves toilet rooms on the upper floors 
of the building. Assume fixtures on the upper 
floors have been discharged. As the water falls 
down the stack and hits the horizontal building 
drain, there is a turbulent action as the water 


SOIL STACK 


AIR-WATER 
MIXTURE 


TURBULENT WATER 
AT BASE OF STACK 


BUILDING DRAIN 


Figure 8-32. Loss of trap seal as a result of back pressure. 


changes from a vertical to a horizontal direction. 
This turbulent water completely fills the building 
drain, as illustrated. The downward flow of waste 
water, which has completely filled the stack, 
compresses the trapped air. The back pressure 
thus created has blown the trap seal from the 
basement water closet into the room. This condi- 
tion can be corrected by moving the water closet 
at least 8 feet away from the base of this stack (as 
was pointed out in Chapter 6 in the rules pertain- 
ing to the installation of stacks) and by the 
installation of a proper vent on this water closet. 


Evaporation 


Evaporation of the trap seal is one of the lesser 
forms of trap seal loss, and is a phenomenon of 
nature. The atmosphere absorbs moisture, and 
the amount absorbed increases with higher tem- 
peratures. A trap seal located in a room where 
the air is not saturated with water serves as a 
water source, and it gradually evaporates. 

Under ordinary conditions, it would require 
many weeks to evaporate a trap seal, and fre- 
quent use of the fixture would eliminate this 
difficulty entirely. Venting of the trap is not a 
solution to this problem; neither does it affect 
the trap content as one might suppose, because 
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Figure 8-33. Loss of trap seal by 
capillary action. 


the air circulating within the plumbing system 
usually is in a saturated condition. 

The use of a deep seal trap is recommended as 
a means of prolonging the interval of total loss of 
the trap seal in the hope that the fixture will be 
used before complete evaporation of the trap's 
liquid content has occurred. 


Capillary Action 


Loss of a trap seal by capillary action some- 
times occurs. It is caused by a foreign object 
(such as a rag, string, or lint) in the trap extend- 
ing over the outlet arm. Figure 8-33 illustrates 
capillary action. The string in this instance forms 
an absorbing syphon. It soaks up water until it 
drips from the end reaching into the outlet arm 
of the trap. Once it reaches this stage, the water 
flows from it rather rapidly, and the seal of the 
trap is soon displaced. 


Leaks 


Obviously, any trap that leaks will lose its 
protective seal of water. All fixture traps must be 
tested after they are installed to see that they 
retain the proper amount of water to seal out the 
sewer gases without leakage. Traps should also 
be protected from freezing, because a trap that 
freezes and cracks or breaks will leak its water 
seal. 
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Wind Effects 
Wind of high velocity passing over the top of 


` the soil pipe roof terminal affects the trap seal. А 
· downdraft occurring in the plumbing system 


tends to ripple the liquid content of the trap and 
spill a quantity of it over its outlet leg into the 


· system. This is not a serious problem because it 


is quite improbable that the entire seal will be 
removed. Some precaution can be taken to ter- 
minate the soil stack away from valleys, gables, 
or abrupt roof projections where the wind may 
strike and be directed into or across the soil pipe 
roof terminal. 

In conclusion, it should be emphasized that 
since every plumbing fixture has a trap (and only 
one trap, as the double trapping of plumbing 
fixtures is prohibited by plumbing codes), this 
trap must be protected. A trap is not a device 
designed to withstand pressure variations. To be 
effective and maintain its water seal, it must be 
vented properly. 


REVIEW QUESTIONS 


1. Why must every plumbing fixture have a 
trap? 

2. There are two major areas of concern in 
designing plumbing traps. One is mechanical; 
one is biological or related to health. What are 
these areas? Why are they design problems? 

3. How is drainage system venting related to 
trap seals? What has atmospheric pressure to do 
with water seals in traps? 

4. Explain what is meant by the term геѕеа/ іп 
a plumbing trap. 

5. What has length of the trap arm to do with 
the effectiveness of the trap seal and its vent? 

6. Why should a P-trap not be installed close 
to a long turn T-Y drainage fitting? Or intoatrap 
arm that has a vertical offset? Or into a non- 
vented vertical waste pipe? 

7. Explain the meaning of these terms as they 
relate to trap seal loss: 


Self-syphonage 

Back pressure 
Syphonage by momentum 
Capillary action 


The building water supply system must supply 
the plumbing fixtures and appliances with 
enough potable water to enable them to function 


properly. 


1. Available pressure. | 
2. Demand. | 

3. Length of piping. 
4. Height of the building. 

и ын ЕЕЕ ла 


Available Pressure 


The available pressure is the water pressure in 
the street water main or other source of supply. 
and-60 pounds per square inch (psi). In no case 


should the water pressure within the building 
exceed 80 psi. If the street water main pressure 
exceeds 80 psi, a pressure-reducing valve (Fig- 
ure 9-1) must be installed on the water service 
pipe at the point where it enters the building to 
reduce the pressure to 80 psi or less. 


CHAPTER 


Sizing 


Water Supply 


Piping 


When pressure in the street water main fluctu- 
ates widely throughout the day, the water supply 
system of the building must be designed on the 
basis of the minimum pressure available. 


Demand 


Each plumbing fixture served by the water 
supply system has a certain demand for water. 


| - lumbing fi чат | 
~woladitwaesiq.anivenameunl of tine. u j 
rate is usually expressed in gallons per minute 
(gpm). Table 9-1 lists a variety of plumbing 
fixtures and each fixture's minimum flow rate. 
dding up the minimum flow rates for all the 
plumbing fixtures within a building would give 
the total demand on the water supply system in 
gallons per minute if all the fixtures were to be 
used at the same time. However, all the plumbing 
fixtures in any building are rarely used at the 
same time. А more reasonable estimate of the 
total demand on the water supply system would 
be based on the extent to which the variou 
plumbing fixtures might actually be used si 
taneously. 
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Figure 9-1. A pressure-reducing valve installed on a water 
service. 


TABLE 9-1. "MINIMUM FEOW'RATES"FOR"PLUMBINOG" 
FIXTURES. _ 


S FLOW RATE 
(gpm) 
Ordinary lavatory faucet 2.0 
-Self-closing basin faucet 275 
Sink faucet, 3/g-inch 4.5 
Sink faucet, '/2-inch 4.5 
Bathtub faucet 6.0 
Laundry tub faucet, '^-inch 5.0 
Shower 5.0 
Ball cock for water closet 3.0 
15-35 
Flushometer valve for urinal 15.0 
Drinking fountain (0:75 
Sill cock ог wall hydrant 5.0 
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. water supply ‘system, based on reasonable 


| assume SQQ a us ase 
pm rcp Each plumbing fixture 


The water supply fixture unit system (wsfu) 
was devised to estimate the total demand on а 


is assigned a wsfu value, which reflects: 

1. The fixture's demand for water (its flow rate 
in gpm) when it is used. 

2. The average time water is actually flowing 
when the fixture is being used. 

3. The frequency with which the fixture is 
likely to be used. 

Table 9-2 lists a variety of plumbing fixtures 
and the wsfu values assigned to each fixture 
when it is used in private or public use. 

One plumbing code* defines private and pub- 
lic use of plumbing fixtures as follows: 

1. Private or Private Use. In the classification 
of plumbing fixtures, private applies to fixtures 
in residences and apartments, and to fixtures in 
private bathrooms of hotels, as well as similar 
installations in other buildings where fixtures are 
intended for use of one family or an individual. 

2. Public or Public Use. In the classification of 
plumbing fixtures, public applies to fixtures in 
general toilet rooms of schools, gymnasiums, 
hotels, railroad stations, bars, public comfort 
stations, and other installations (whether pay or 
free) where fixtures are installed so that their use 
is similarly unrestricted. 


Length of Piping 


The street water mains are usually under a 
pressure оҒ45 to 60 psi, which is enough to serve 
a plumbing installation of moderate size. A water 
supply pipe connected to the street water main 
would be under the same pressure as the main 
as long as the water within the pipe is at rest. 
However, should someone suddenly draw water 
from the pipe, a decided drop in pressure would 
occur at the outlet orifice. ariation i 


m CA = 4" ж ( = 


| | 
It is impossible to use а pipe for the convey- 
ance of water without encountering a loss in 


*Minnesota Plumbing Code. 


TABLE 9-2. 


NUMBER OF 
FIXTURE UNITS 


FIXTURE Private Public 
Use Use 
Бе ыа И о 2222. 1 2 
Bathtub (with or without shower) .............. 2 4 
Dental unit ог созр!йог.................... — | 
Drinking fountain (each һеваа)................ -- 1 
Hose bibb or sill cock (запдага јуре) ........... 3 5 
House trailer (ессһ)...................... 6 6 
Laundry tray or clothes washer (each pair of faucets) . . D 4 
зер сет ты E T D LIC — 4 
FOV OGY mae ecce. ПЕТА cse OR 1 2 
lavatory (dental) . vw ko Romy 1 1 
Lawn sprinklers (standard-type, each һеса)........ ] 1 
Shower(each һеаа)...................... кф чт 
сот OX RETE к. 1 2 
Sink or dishwasher .......;.............. 2 4 
Sink (flushing rim, сїс)................... — 10 
л NE ауе — ышы 
Sink (washup, circular spray) ................ -- 4 
Urinal (pedestal or similar type). .............. -- 10 
Шеше шакшы m — 5 


Water supply outlets for items not listed above shall be computed at their 


maximum demand, but in no case less than: 


ӘБЕН 2565 ОЕ ORE 1 2 
Lounchetc «cedem ee oe cain oe ee 2 4 
SA IDCM Ул Жат ee 3 6 

ШОЛ АН атса 2222222 sS aol 6 10 


*Sizing for flushometer valves: Branches and mains serving water closet or similar 
flushometer valves may be sized from Table 9-2 when the following values are 
assigned to each flushometer valve, beginning with the most remote valve on each 


branch. 

For the first flushometer усіуе..............,...... 40 fixture units 
For the second flushometer valve ................... 30 fixture units 
For the third flushometer уаі/уе..................... 20 fixture units 
For the fourth flushometer уајуе .................... 15 fixture units 
For the fifth flushometer valve (and all additional 

flusnometer valves) Сл ыу. а а. шуы 10 fixture units 
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TABLE 9-3. PRESSURE LOSS DUE TO FRICTION IN TYPE M COPPER TUBE. * 
FLOW PRESSURE LOSS PER 100 FEET OF TUBE (psi) 
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* Numbers іп boldface correspond to flow velocities of just over 10 ft per sec. 
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pressure resulting from friction within the pipe 
itself, as well as in the valves and fittings used in 
the construction of the building water supply 


system. Friction in the building water supply 


piping is the resistance produced by the contact. 
of flowing water with the interior surface of the 


pipe. It is also the resistance between the mole- 


cules of water. 
and other devices placed on the wate DD 
SyS , the greater the pressure loss.and, there- 
ore, the lower the discharge capacity of th ^ 


^j 


Nater supp DIDes her bina fix ac 
Table 9-3 indicates the pressure loss due to 
friction in type M copper tubing of different sizes 
for a variety of different flow rates, while Table 
9-4 indicates the approximate loss of pressure 
due to friction in pipe fittings and valves of 
various design (expressed as equivalent length 
of tubing, in feet). From these tables, you can 
realize the necessity of giving the problem of 
friction some consideration. 


Height of Building 
Some of the available water pressure is also” 


However, pressure loss resulting from 


height (head) is a relatively simple problem..A _ 


‘every one foot of elevation or head. If a building 


is 50 feet high, the pressure loss because of head 
would be 0.434 x 50, or 21.7 pounds. This 
pressure loss would be deducted from the avail- 
able pressure to determine whether or not there 
is sufficient pressure to raise the water to the 
required height. 


Flow Pressure Needed at the Top Floor 


Every plumbing fixture requires a minimum 
amount of working water pressure or flow pres- 
sure to function properly. (Flow pressure is the 
pressure in the water supply pipe near the faucet 
or water outlet while the faucet or outlet is wide 
open and flowing.) This flow pressure varies 


from 8 psi for most faucets and tank-type water 
closets to 25 psi for some types of flushometer 
valves. Table 9-5 lists a variety of plumbing 
fixtures and the minimum flow pressure required 
by each fixture. 

To determine if there is sufficient flow pres- 


TABLE 9-4. 


ALLOWANCE FOR FRICTION LOSS IN VALVES 
AND FITTINGS EXPRESSED AS EQUIVALENT 
LENGTH OF TUBE. * 


FITTING 
SIZE IN 
INCHES 


90” Tee 


Ells 
Side | Straight 
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Coup- 
ling 
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*Allowances are for streamlined soldered fittings and recessed threaded 
fittings. For threaded fittings, double the allowances shown in the table. 
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sure for the type of fixture being supplied with 
water, the plumber must subtract from the avail- 
able pressure the pressure loss due to friction 
and the loss due to the height (or head) to which 
the water must rise from the main to the highest 
fixture. 


TABLE 9.5. MINIMUM FLOW PRESSURES FOR 


FLOW PRESSURE 


FIXTURE 
| (psi) 


Ordinary lavatory faucet 8 

Self-closing basin faucet 

Sink faucet, 1/2-іпсһ 

Bathtub faucet 

Laundry tub faucet, '5-inch 
Shower  -. 

Ball cock for water closet 


_ Flushometer valve for water closet 


Flushometer valve for urinal 


8 
E: 
8 
8 
8 
m 
8 
15 


Drinking fountain 
Sill cock or wall hydrant 


Figure 9-2. No more than three fixtures may be supplied by a Vo-inch size pipe in the same bathroom or apartment. 


Of the above-described five factors that deter- 
mine the size of water supply piping, the only 


r. This 
factor can be changed by making the pipe sizes 
larger to reduce the amount of friction within the 
pipe and fittings. 


Minimum Sizes of Water Pipe 


In addition to the previously mentioned five 
factors which determine the size of water supply 
piping, the plumber is restricted by the following 
minimum sizes: 


“service for any building from the street to the 
water meter. 

2. 3/4-inch pipe is the minimum size of the 
building supply pipe (the first section of water 
distribution piping within the building). 

3. 3/4-inch pipe is the minimum size to a sill 
соск or lawn faucet. 


| 


5. 3/4-іпсһ pipe is the minimum size for the 
first section of hot water pipe on the outlet side 
of a water heater. 

6. Noconcealed water piping may be less than 
2-іпсһ size. | 


7. No more than three fixtures in the same 
ИЛИН | miami 
. Size water pipe, as illustrated in Figure 9-2. 
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8. 


| | except that no individual fixture 
branch piping may be smaller than the sizes 
listed in Table 9-6. 

9. Individual fixture water supply piping may 
ре 3/s- or '/4-inch size, if itis not concealed within 
the building partitions or over 30 inches in 


length. 


TABLE шылай... | 


NOMINA 
FIXTURE PIPE SIZE 
IN INCHE 


Automatic clothes washer (domestic) 
Bathtub 1/2 
Dishwasher (domestic) Шо 
Drinking fountain Шо 
Kitchen sink (domestic) Do 
Kitchen sink (commercial) ES 
Lavatory Ue. 


Laundry tray 2 
Shower (single head) D 
Sill cock or wall hydrant ВІА 
Sinks (service апа slop) t 
Sink (flushing rim) B 
Urinal (flush tank) 1/2 
Urinal (flushometer valve) 25 


Water closet (flush tank) T2 
Water closet (flushometer valve) 


[s] SIZING WATER SUPPLIES 


In the following sections of this chapter, three 
building water supply systems will be sized using 
the previously-described five design factors and 
minimum sizing requirements. These buildings 
are a single-family house, a four-unit apartment 
building, and a public building. 

To simplify the water piping drawings of these 
buildings, the following abbreviations and sym- 
bols will be used: 


Cold water pipe 


Hot water pipe 


Size of pipe 
(number in circle) 
E wsfu load on pipe 
(number in square) 


Auto Washer Automatic clothes washer 


BT Bathtub 

KS Kitchen sink 

Lav Lavatory 

LT Laundry tray 
SS Service sink 
U Urinal 

WC Water closet 
АЙ Gate valve 
RV Relief valve 
SC Sill cock 


SES Water meter 


Sizing the Water Pipe in a 
Single-Family Home 


Figure 9-3 illustrates the cold and hot water 
supply piping of a typical single-family home. In 
the basement of this home are located a laundry 
tray, an automatic clothes washer, and a water 
heater. On the first floor, there is a kitchen sink 
and a bathroom containing a water closet, a 


lavatory, and a bathtub. Two sill cocks are also 
indicated on the water piping, one at the front 
left side of the house and one at the rear. 

The building water service is sized 3/4-inch 
pipe, which is the size of the water service for 
most single family homes. A 3/4-inch gate valve is 
provided on the water service. The 3/,-inch water 
meter is then installed. Another ?/4-inch gate 
valve is provided on the outlet side of the water 
meter. 

From the second gate valve, the building sup- 
ply pipe continues as ?/4-inch size to a 3/4-inch 
tee to provide cold water to the sill cock at the 
front of the house. The 3/4-іпсһ sill cock branch 
pipe is provided with a 3/4-іпсһ gate valve before 
it passes through the wall of the house to the sill 
СОСК. 

From the sill cock branch tee, the cold water 
main pipe continues as Y/4-inch size to another 
3/4-inch tee for the cold water supply to the water 
heater. This 3/4-іпсһ cold water supply to the 
water heater is provided with a 3/4-іпсһ gate 
valve before it connects to the water heater. 

After the tee for the cold water supply to the 
water heater, the cold water main pipe continues 
as ?/4-inch size to another 3/4-inch tee to provide 
cold water to the first-floor bathroom fixtures 
and the kitchen sink and to the basement laun- 
dry tray and automatic clothes washer. From this 
tee, the cold water pipe continues as ?/4-inch size 
to a gate valve and the sill cock at the rear of the 
house. 

The 3/4-іпсһ tee provided for the cold water 
supply to the first floor and basement fixtures is 
reduced to '/2-inch size to supply cold water to 
the three bathroom fixtures (the water closet, the 
lavatory, and the bathtub), on the left side of the 
drawing. 

The right side of the tee is also reduced to 
!/?-inch size to supply cold water to the first-floor 
kitchen sink and the basement laundry tray and 
automatic clothes washer. 

The hot water piping begins as 3/4-inch size at 
the outlet of the water heater. The hot water pipe 
continues as ?/4-inch size toward the rear of the 
house to provide hot water to the first-floor and 
basement fixtures. 

The hot water pipe is reduced to '/2-inch size 
on the left side to provide hot water to the 
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lavatory and bathtub. It is also reduced to '/2- 
inch size on the right side to provide hot water to 
the first-floor kitchen sink and the basement 
laundry tray and automatic clothes washer, as 
pictured in Figure 9-3. 

An example of the sizing of the cold and hot 
water piping for a larger single-family home is 
illustrated in Figure 12-38 and explained in the 
text of Chapter 12. 


Sizing Water Pipe in Larger Installations 


The sizing of water supply and distribution 
piping for the single-family home described in 
the previous section is a relatively simple pro- 
cess. It does not really require knowledge of the 
details of the five water piping design factors 
because all of the water pipe sizing needs of a 
single-family home can be provided for by the 
minimum piping requirements discussed previ- 
ously. However, when sizing water piping in 
larger installations, these five design factors play 
a very important role. 

The method for sizing water pipe in larger 
installations presented in this chapter is based 
on the five water piping design factors taken 
from the Minnesota Plumbing Code. This sizing 
method is adequate for sizing the water piping 
for buildings that require a water service of 
2-inch size or smaller and in which the building 
supply and distribution piping does not exceed 
21/2-іпсһ size. The sizing of water pipe installa- 
tions that require larger pipe sizes should be left 
to mechanical engineers. (On any water piping 
installation, if a drawing of the water piping was 
prepared by a mechanical engineer, the plumber 
should install the water pipe as sized on this 
drawing.) 

The water pipe sizing method presented here 
for larger installations uses two tables: Table 
9-2, "Water Supply Fixture Units"; and Table 9-7, 
"Fixture Unit Table for Determining Water Pipe 
and Meter Sizes for Water Supply Systems." 

Table 9-7 is actually three tables for water 
supply pressures in three different ranges: 30 to 
45 psi; 46 to 60 psi; and over 60 psi. 

To size a water pipe installation using Tables 
9-2 and 9-7, the twelve steps outlined below are 
followed. 

STEP 1A. For buildings without flushometer 


valve water closets, total the co/d water supply 
fixture unit (cwsfu) demand for the entire build- 
ing in water supply fixture units from Table 9-2. 
STEP 1B. For buildings with flushometer 
valve water closets, total the cold water supply 
fixture unit (cwsfu) demand for the entire build- 
ing in water supply fixture units (wsfu) from 
Table 9-2, but assign the following values to 
each flushometer valve beginning with the most 
remote flushometer valve on each branch. 


For the first flushometer valve ..... 40 wsfu 
For the second flushometer valve ... 30 wsfu 
For the third flushometer valve ..... 20 wsfu 
For the fourth flushometer valve .... 15 wsfu 


For the fifth flushometer valve (and all 
additional flushometer valves .... 10 wsfu 


The piping supply for a flushometer valve may 
never be smaller in size than the size of the valve 
inlet. 

STEP 1C. Total the hot water supply fixture 
unit (hwsfu) demand for the entire building in 
water supply fixture units from Table 9-2 and 
assign this value to the water heater. 


STEP 2. Determine the longest developed 
length of piping from the water meter to the most 
remote outlet, or from the water main to the most 
remote outlet, if the water pressure at the meter 
is not known. 

STEP 3. Determine the difference in eleva- 
tion (head) between the water meter (or other 
source of supply) and the highest water supply 
outlet, and multiply this figure by 0.5 psi. 

STEP 4. Deduct the figure calculated in Step 
3 from the available water pressure. 

STEP 5. Select the pressure range from 
Table 9-7 that includes the pressure figure ar- 
rived at in the calculations of Step 4. 

STEP 6. Select the maximum allowable 
length column that equals or exceeds the total 
length determined in Step 2. Once this column 
has been selected, the water service, the water 
meter, and every piece of water supply ‘pipe 
within the building will be sized from this col- 
umn. 

STEP 7. Follow across the table to select the 
water service and water meter size that equals or 
exceeds the cold water fixture unit demand 
calculated in Step 1A or 1B. 
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TABLE 9-7. BTURE-UNP TABLE FOR. DE навија VOTER PRE UND жжет ЕК "ЛЕ aR VU ERED AN IZ ENN 


PRESSURE RANGE—30 TO 45 psi “ 
MEM mmm 5 5o aa o c à, à. n 
Meter and Building MAXIMUM ALLOWABLE LENGTH IN FEET 
Water Supply and 
Service Branches 
(in inches) (in inches) 40 60 80 |. 100 150 200 250 300 400 
MELIA EN л __ Мен АЕ —— o. c җе - 
3/5 1/2 6 9 4 4 3 2 —— —— —— 
8/4 P 18 16 14 12 9 6 —— —— —— 
3/4 1 29 25 23 21 17 15 13 12 10 
1 1 36 31 27 25 20 17 15 13 12 
1 17/4 54 47 42 38 32 28 25 23 19 
11/2 17/4 90 68 57 48 38 32 28 25 21 
11/2 11/2 151 124 105 91 70 57 49 45 36 
2 11/2 210 162 132 110 80 64 53 46 38 
ІШ? 2 220 205 190 176 155 138 127 120 105 
2 2 372 329 292 265 217 185 164 147 124 


2 2/7 445 418 390 370 330 300 280 265 240 


PRESSURE RANGE—46 TO 60 psi 


7} 1/2 9 8 7 6 5 4 з. 2 a= 

34 3/4 27 23 19 17 14 11 9 8 6 

3/4 ] 44 40 36 33 28 23 21 19 17 
1 1 60 47 41 36 30 25 23 20 18 
1 Wis 102 87 76 67 52 44 39 36 30 
11/2 17/4 168 130 106 89 % 52 44 39 33 
11/2 1/2 270 225 193 167 128 105 90 68 62 
2 11/2 360 290 242 204 150 117 98 84 67 
115 2 380 360 340 318 272 240 220 198 170 
2 2 570 510 470 430 368 318 280 250 205 


2 2102 680 640 610 580 535 500 470 440 400 


PRESSURE RANGE—OVER 60 psi 


3/4 1/2 11 9 8 7 6 9 4 3 2 

3/4 3/4 34 28 24 22 1727 18 11 10 8 

3/4 ] 63 53 47 42 35 30 27 24 21 
1 1 87 66 55 48 38 32 29 26 22 
] 11/4 140 126 108 96 74 62 53 47 39 
11/2 11/4 237 183 150 127 93 74 62 54 43 
ІШ? ШІ; 366 311 273 240 186 154 130 113 88 
2 115 490 395 333 275 220 170 142 122 98 
11/2 2 *380 *380 *380 *380 370 335 305 282 244 
2 2 *690 670 610 560 478 420 375 340 288 


2 21/2 *690 *690 *690 *690 *690 650 610 570 510 


*Maximum allowable load on meter. 
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212 
245 


STEP 8. Next, size the first piece of water 
supply pipe out of the meter (called the building 
supply pipe). Once this pipe is sized, no piece of 
pipe in the system need be larger. 

STEP 9. Now go to the most remote fixture 
from the water meter and size each piece of pipe 
back toward the meter. 

STEP 10. At the point where the cold water 


supply to the water heater is provided, size the 


cold water supply to the heater and the hot water 
supply out of the heater using the hot water 
fixture unit demand calculated in Step 1C. 

STEP 11. At the point where the cold water 
supply to the water heater left the cold water 
main, add the hot water fixture unit demand to 
the cold water main, but if the total water supply 
fixture unit demand requires the size of the cold 
water main to exceed the size of the building 
supply pipe, this pipe need not be increased in 
size past the size originally selected. 

STEP 12. Size the hot water supply piping by 
using the same column of Table 9-7, starting at 
the hot water supply opening that is most remote 
from the water heater and size back toward the 
heater. 

The following two sections uf this chapter will 
be used to il'ustrate the use of this water pipe 
sizing method. 


Sizing the Water Pipe in a 
Four-Unit Apartment Building 


Figures 9-4 and 9-5 illustrate the cold and hot 
water supply piping for a four-unit apartment 
building. Each apartment in the building has a 
kitchen sink, a flush tank water closet, a lavatory, 
and a bathtub. The water heater and a laundry 
room with one laundry tray and two automatic 
clothes washers are located in the basement of 
the apartment building. 


For the purpose of this example, the following 
conditions will be assumed: 


1. The water pressure at the meter is 60 psi. 

2. The developed length of the cold water 
piping from the water meter to the most 
remote cold water outlet is 60 feet. 

3. There is an elevation (head) difference of 12 
feet between the water meter and the high- 
est water supply outlet. 


To size the water pipe in this apartment build- 
ing according to the sizing method previously 
described, the following steps are followed. 


STEP 1A. The cold water supply fixture unit 
(cwsfu) demand for the entire building is calcu- 
lated as follows from the "Private Use" column 
of Table 9-2. (The numbers in the squares at 
each fixture and/or section of pipe indicate the 
water supply fixture unit demand at that loca- 
tion.) 


Each apartment has: 


келеп ышк coe ss ies 2 cwsfu 
1 water closet... es ee ns 3 cwsfu 
jas с сү MEI Mn 1 cwsfu 
Қант И 2 cwsfu 
Total cwsfu each apartment 8 cwsfu 
x 4 apts. 

32 cwsfu 
plus: 2 sill cocks @ 3 cwsfu each 6 cwsfu 
{q laúndry tray e. o 2 cwsfu 

2 automatic clothes washers 
@2 cwsfu/each ......... 4 cwsfu 


Total cwsfu demand of building 44 cwsfu 


STEP 1C. The hot water supply fixture unit 
demand for the entire building is calculated as 
follows from the "Private Use" column of Table 
9-2. 


Each apartment has: 


1 kitchen sink .............. 2 hwsfu 

Таха ыы и 1 hwsfu 

Шегі тек ee cur о ху хо 2 hwsfu 

Total hwsfu each apartment 5 hwsfu 

X 4 apts. 

20 hwsfu 

Plus: 1 laundry tray ........... 2 hwsfu 
2 automatic clothes washers 

Ја AWSIU Each. 2... 4 hwsfu 


Total hwsfu demand of building 26 hwsfu 


This demand of 26 hwsfu is assigned to the water 
heater in Figures 9-4 and 9-5. 


STEP 2. The developed length is given as 60 
feet. 
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l мила а“ 


STEP 3. The elevation (head difference is 
given as 12 feet: 


12 x .5 psi = 6 psi. 


STEP 4. The available pressure is given as 60 


psi: 
60 psi — 6 psi — 54 psi. 


STEP 5. А building with 54 psi of working 
water pressure is sized from the second portion 
of Table 9-7—the 46 to 60 psi pressure range. 

STEP 6. The water pipe for this entire build- 
ing will be sized from the 60 foot column of the 
46 to 60 psi pressure range portion of Table 9-7, 
which is reproduced in Figure 9-6. 


PRESSURE RANGE—46 TO 60 psi 


Meter and Building MAXIMUM ALLOWABLE 
Water Supply and LENGTH IN FEET 
Service Branches 

(in inches) (in inches) 40 60 80 

3/4 о 9 8 7 

BA 3/4 27 23 19 

3/4 1 44 40 36 
1 1 60 47 41 
1 We 102 87 76 
11/2 11/4 168 130 106 
1/2 11/2 270 225 193 
2 1/2 360 290 242 
Wie 2 380 360 340 
2 2 570 510 470 
2 2!/2 680 640 610 


Figure 9-6. A reproduction of the portion of Table 9-7 that 
applies to the sizing of the water pipe illustrated in Figures 
9-4 and 9-5. 


STEP 7. The size of the water meter and 
water service is determined to be 1-inch pipe 
because the cold water supply fixture unit value 
calculated in Step 1A (44 cwsfu) falls between 
the 40 and 47 fixture unit value lines on the chart, 
and the higher 47 fixture unit value line must be 
used. 

STEP 8. The size of the building supply pipe 
is also determined to be 1-inch pipe from this 
same line of the chart. 

STEP 9. Since the fixtures in apartment 3 are 
most remote from the water meter, the sizing will 
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begin in apartment 3 and proceed back toward 
the water meter. 
Although there are only 8 cwsfu of demand on 


the pipe supplying the cold water to apartment 3, 


it is sized as 3/4-inch pipe because it serves four 
fixtures. However, the individual fixtures in 


.apartment 3 are all supplied with '/2-inch fixture 


branch piping. (The sizing of the cold water 
piping of the other three individual apartments is 
identical to that of apartment 3.) 

At the point where the apartment 3 cold water 
supply joins the apartment 4 supply, the pipe 
serves a demand of 16 cwsfu. However, it does 
not increase in size, since a 37/4-іпсһ pipe will 
supply 23 cwsfu. (This sizing also applies to the 
point where the cold water supply for apart- 
ments 1 and 2 join.) 

Since a 3/4-іпсһ pipe will serve 23 cwsfu, the 
cold water main continues as ?/4-inch size past 
the point of supply to the sill cock at the rear of 
the building. This sill cock, however, must be 
supplied with a 3/4-inch branch pipe, as sized 
from Table 9-6. 

A '/2-inch pipe will adequately serve the 6 
cwsfu demand of the laundry tray and two auto- 
matic clothes washers located in the basement 
laundry room. 

STEP 10. The hot water supply fixture unit 
demand of the water heater is 26 hwsfu (as 
calculated in Step 2), which requires a 1-inch 
cold water supply. 

STEP 11. Atthe point where the cold water 
supply to the water heater is taken from the cold 
water main pipe, the cold water supply fixture 
unit demand increases to 53 cwsfu. The table 
indicates that the cold water main pipe should 
increase to 17/4-іпсһ pipe at this point. However, 
this pipe does not need to increase in size above 
the originally selected 1-inch building supply 
pipe. This fact explains why the rest of the cold 
water main piping back to the water meter is all 
1-inch size. 

STEP 12. Referring to Figure 9-5 (which illus- 
trates the sizing of the hot water piping in the 
four-unit apartment building of this example), 
the sizing begins in apartment 1, which is the 
most remote apartment from the water heater. A 
!/-inch size branch pipe will adequately serve 
the three fixtures in this apartment that require a 


hot water supply (A '/2-inch pipe serves the other 
three individual apartments' hot water needs as 
well.) 

At the point where the hot water supply to 
apartments 1 and 2 joins the hot water main, the 
piping is increased to 3/4-inch size. This same 
3/4-inch size pipe is also large enough to supply 
the combined 16 hwsfu demand of apartments 1 
and 2 plus the basement laundry room. 

The 6 hwsfu demand of the laundry room 
fixtures requires only a 1/2-іпсһ size branch pipe. 

The sizing of the hot water supply piping to 
apartments 3 and 4 is identical to that for apart- 
ments 1 and 2. 

At the point where the hot water supply pipe 
for apartments 1, 2, and the laundry room joins 
the supply to apartments 3 and 4, the pipe is 
increased to 1-inch size. This 1-inch size pipe is 
continued back to the hot water outlet of the heater. 


Sizing the Water Pipe in a Public Building 


Figures 9-7 and 9-8 illustrate the cold and hot 
water supply piping of a one-story public build- 
ing. In this building, water must be supplied to 
three toilet rooms, a service sink located in a 
janitor's closet, and a kitchen sink located in an 
employees' lunch area, as well as a water heater 
and a sill cock. 

For the purpose of this example the following 
conditions will be assumed: 

1. The water closets all use flushometer 
valves. 

2. The two urinals in the men's toilet room are 
the stall-type with a demand of 5 wsfu each. 

3. The developed length of the water supply 
piping is 200 feet from the street water main to 
the most remote fixture (the water closet at the 
far right in the women's toilet room). 

4. The elvation difference is insignificant be- 
cause this is a one-story building. 

5. The available pressure at the street water 
main is 50 psi. 

To size the water supply piping in this public 
building by the method of this chapter, the 
following steps would be taken: 

STEP 1B. The cold water supply fixture unit 
(cwsfu) demand is calculated as follows from the 
"Public Use" column of Table 9-2: 


Women's toilet room: 


first water closet ........... 40 cwsfu 
second water closet......... 30 cwsfu 
third Water closet ..........; 20 cwsfu 
fourth water closet.......... 15 cwsfu 
fifth water closet ........... 10 cwsfu 
sixth water closet........... 10 cwsfu 
4 lavatories @2 cwsfu each... 8 cwsfu 


Total cwsfu demand 
women’s toilet room 133 cwsfu 


Men's toilet room: 


first water closet ........... 40 cwsfu 
second water closet......... 30 cwsfu 
third water closet........... 20 cwsfu 
fourth water closet.......... 15 cwsfu 
2 urinals @5 cwsfu each..... 10 cwsfu 
2 lavatories @2 

cwstu' each 7”. 4 cwsfu 


Total cwsfu demand 
men's toilet room 119 cwsfu 


Small toilet room at the front of 
the building: first water closet .. 
lavatory ......... 
Total cwsfu demand 
small toilet room 42 cwsfu 


40 cwsfu 
2 cwsfu 


Women’s toilet room total ...... 133 cwsfu 

Men's toilet room total ........ 119 cwsfu 

Small toilet room total ........ 42 cwsfu 
Total cwsfu demand of all 

toilet rooms 294 cwsfu 


plus: 1 service Simk — . . we 4 cwsfu 
1 kitchen sink .......... 4 cwsfu 
НЕ Got и 5 cwsfu 


Total cwsfu demand of building 307 cwsfu 


STEP 1C. The hot water supply fixture unit 
(hwsfu) demand is calculated as follows from the 
"Public Use" column of Table 9-2: 


7 lavatories @ 2 hwsfu each .... 14 hwsfu 
1 kitchen біпК............... 4 hwsfu 
I Service Sink =- -e are xs 4 hwsfu 


Total hwsfu demand 22 hwsfu 


STEP 2. The developed length is given as 200 
feet from the water main to the most remote 
outlet. 
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STEP 3. The elevation difference is insignifi- 
cant for this example. 

STEP 4. The pressure of the street water 
main for this example is 50 psi. 

STEP 5. The pressure range table to be used 
is the 46 to 60 psi portion of Table 9-7. 

STEP 6. The water piping for this entire 
building will be sized from the 200-foot length 
column of the 46 to 60 psi pressure range por- 
tion of Table 9-7. This portion of Table 9-7 is 
reproduced in Figure 9-9. 


PRESSURE RANGE—46 ТО 60 psi 


Meter and Building MAXIMUM ALLOWABLE 
Water Supply and LENGTH IN FEET 
Service Branches 

(in inches) (in inches) 150 200 250 

л UP 5 4 3 

3/4 3/4 14 11 9 

3/4 1 28 23 21 
1 1 30 25 23 
1 11/4 52 44 39 
11/2 ША 66 52 44 
1/2 ІШ? 128 105 90 
2 ІШІ 150 117 98 
ІШ? 2 272 240 220 
2 2 368 318 280 
2 2! 535 500 470 


Figure 9-9. A reproduction of the portion of Table 9-7 that 
applies to the sizing of the water pipe illustrated in Figures 
9-7 and 9-8. 

STEP 7. The water service and water meter 
for this public building are 2-inch size. 

STEP 8. The building supply pipe is also 
2-inch size. 

STEP 9. The cold water pipe sizing starts at 
the most remote cold water fixture outlet from 
the water meter, which is the water closet on the 
far right in the women's toilet room. This water 
Closet, which is rated at a demand of 40 cwsfu, 
must be supplied with a 1'/s-inch fixture branch 
pipe. The second water closet in this group, 
which is rated at a demand of 30 cwsfu, is also 
supplied with 1'/4-inch fixture branch pipe. (Al- 
though the fixture branch pipe serving these two 
water closets is 1'/s-inch size, the fixture supply 
pipe to the flushometer valves would be sized as 
1-inch pipe.) 
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The section of pipe that supplies the water to 
these two water closets serves a demand of 70 


. cwsfu and must ре 1'/2-inch size pipe. 


The third, fourth, and fifth water closets in this 
toilet room are all supplied with 1-inch individual 
fixture branch pipes. 

The sixth water closet is also supplied with a 
1-inch fixture branch pipe even though it is rated 
at a demand of 10 cwsfu and the sizing table 
indicates a 3/4-іпсһ pipe would supply this de- 
mand. The reason this pipe must be sized 1-inch 
pipe is that in Step 1B it was stated that, “Тһе 
piping supply for a flushometer valve may never 
be smaller in size than the size of the valve inlet." 
Table 9-6 indicates that a water closet 
flushometer valve has a 1-inch pipe size inlet. 

The sections of water pipe that supply the 
third, fourth, and fifth water closets in this group 
are all sized 17/2-іпсһ pipe. 

At the point where the sixth water closet sup- 
ply is taken off the cold water supply pipe, the 
cwsfu demand increases to 125 cwsfu and the 
pipe size increases to 2 inches in size. This 
2-inch size continues back to the water meter. 

The 8 cwsfu demand of the four lavatories in 
the women's toilet room is supplied with a 3/4- 
inch pipe taken from the 2-inch cold water pipe. 
At the point where this 3/4-іпсһ cold water supply 
pipe divides to serve two lavatories on each side, 
it reduces to '/2-inch size pipe. 

The 8 cwsfu demand of the kitchen sink and 
service sink is supplied with a ?/4-inch pipe. This 
pipe reduces to '/2-inch size to provide the 
individual fixture branches to each of these two 
fixtures. 

In the men's toilet room, the sizing again starts 
at the most remote outlet. The first water closet, 
which is rated at a demand of 40 cwsfu, is 
supplied with a 17/4-іпсһ fixture branch pipe. The 
second water closet, which is rated at a demand 
of 30 cwsfu, is also suppiied with the 1'/4-inch 
pipe. (Although, as was stated previously, the 
fixture supply pipe to the flushometer valves 
would be 1-inch pipe.) 

The section of piping supplying these two 
water closets serves a demand of 70 cwsfu and is 
sized 17/2-іпсһ pipe. 

The third and fourth water closets in the men's 
toilet room, with their individual demands of 20 


and 15 cwsfu respectively, may each be supplied 
with 1-inch size fixture branch pipes. 

The cold water supply pipe to the four water 
closets in this toilet room is sized 1'/2-inch pipe, 
since the total demand of these closets is 105 
cwsfu (which is the maximum demand that can 
be supplied with a 1'/2-inch pipe in this column 
of Table 9-7). 

The two urinals in the men's toilet room are 
each supplied with 3/4-іпсһ individual fixture 
branch pipes. The section of pipe that serves 
both urinals is also sized 3/4-іпсһ pipe, since it 
serves a demand of 10 cwsfu. 

The two lavatories in the men's toilet room 
with a combined demand of 4 cwsfu are supplied 
with a '/2-inch pipe. 

At the point where the '/2-inch cold water 
supply pipe for the lavatories joins the ?/4-inch 
urinal supply pipe, the demand increases to 14 
cwsfu and the pipe must be increased to 1-inch 
size. 

At the point where this 1-inch pipe serving the 
lavatories and urinals joins the pipe serving the 
four water closets in this toilet room, the demand 
increases from 105 cwsfu to 119 cwsfu, and the 
cold water supply pipe must be increased to 
2-inch size. 

The sill cock is served with a 3/4-іпсһ branch 
pipe. 

In the small toilet room at the front of the 
building, the sizing again starts at the most 
remote water supply outlet, which is the water 
closet. This individual water closet is rated at a 
demand of 40 cwsfu and requires a 11/4-іпсһ size 
supply pipe. 

The lavatory in this toilet room is served with a 
1/5-inch fixture branch pipe taken off the 1'/4- 
inch pipe that supplies the cold water supply to 
the water closet. The 2 cwsfu demand of the 
lavatory plus the 40 cwsfu demand of the water 
closet increases the demand on the cold water 
supply pipe to this toilet room to 42 cwsfu, but 
the size of this pipe remains at 1'/4-inch because 
a pipe of this size will supply 52 cwsfu. 

STEP 10. The water heater must serve a 
demand of 22 hwsfu (as calculated in Step 1C), 
so it is supplied with a 1-inch cold water pipe. 

STEP 11. At the point where the cold water 
supply to the water heater joins the cold water 


main pipe, the demand on the main increases to 
329 cwsfu. However, it is not necessary to in- 
crease the size of the cold water main above the 
2-inch size originally selected, even though the 
table indicates a larger size. 

STEP 12. Figure 9-8 illustrates the sizing of 
the hot water supply piping for this public build- 
ing. The sizing of this piping begins at the 
lavatories in the women's toilet room, since they 
are the most remote fixtures from the water 
heater. These four lavatories are all served by 
1/2-іпсһ individual fixture branch pipes. The sec- 
tions of the hot water piping that supply two 
lavatories (or 4 hwsfu) in this toilet room are also 
piped with '/2-inch pipe. At the point where the 
hot water supplies for all four lavatories join 


together, the hot water supply pipe is increased 
to 3/4-inch size to serve the 8 hwsfu demand. 

A 3/4-іпсһ size hot water pipe is necessary to 
serve the 8 hwsfu demand of the kitchen sink 
and service sink. However, the individual branch 
piping to each of these fixtures is sized as 
!/5-inch pipe. 

At the point where the hot water supply to the 
women's toilet room and the pipe serving the 
kitchen sink and service sink join, the demand 
increases to 16 hwsfu and the pipe increases to 
1-inch size. This size continues back to the water 
heater. 

The two lavatories in the men's toilet room are 
supplied with a '/2-inch size pipe taken from the 
1-inch hot water main. 

The single lavatory in the small toilet room at 
the front of the building is also supplied with a 
!/-inch branch pipe. 


REVIEW QUESTIONS 


1. Define the term flow rate as applied to water 
supply in a building. 

2. How is the total demand determined for a 
building water supply system? 

3. Define the term available pressure. 

4. Why is the water supply fixture unit (wsfu) 
system used in determining pipe sizes in a build- 
ing? Where is the water supply fixture unit table 
found? 


izing Water Supply Piping 199 


5. What does pressure loss by friction have to 
do with the sizing of pipe in a building water 
supply system? 

6. In figuring pressure loss in the ‘water SyS- 
tem, how is the friction loss for valves and 
fittings calculated? 

7. What is the source of Table 9-6,” ш 
Sizes of Fixture Water Branch Pipe"? 
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8. From what point in the building water sup- 
ply system do you start when you determine pipe 


sizing? Why? 


9. Make a drawing of the water supply piping 
in your home or apartment building and size it. 
10. Make a drawing of the water supply piping 


in the men's and women's toilet rooms in your 


building and size it. 


The majority of the piping installed by plumb- 
ers serves one of two uses: it either supplies 
water to a plumbing fixture or drains the waste 
water from a plumbing fixture after the fixture 
has been used. 


A plumbing fixture is a receptacle for wastes, 
which are ultimately discharged into the sanitary 
drainage system. 

A plumbing appliance is a special class of 
plumbing fixture intended to perform a special 
function. 


Plumbing fixtures are manufactured from dur- 
able, corrosion-resistant, nonabsorbent materi- 
als that have smooth, easily cleaned surfaces. 
The materials currently used in the manufacture 
of plumbing fixtures are vitreous china, enam- 
eled cast iron, enameled pressed steel, stainless 
steel, fiberglass, plastic, terrazzo, and cement. 


Modern plumbing fixtures and appliances are 
not only functional and well constructed, but are 
also attractively designed to add to the decor of 
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Piumbing 
Fixtures and 
Appliances 


a room. Plumbing fixtures and appliances can be 
obtained in a large variety of colors to harmonize 
with the color scheme chosen by the building 
designer. 

In the following sections of this chapter, a 
general description of some of the more com- 
mon plumbing fixtures and appliances and their 
associated trim will be presented. (Plumbing 
fixture trim consists of the water supply and 
drainage fittings that are installed on the fixture 
to control the flow of water into the fixture and 
the flow of waste water from the fixture to the 
sanitary drainage system.) 


[s] WATER CLOSETS 


fixture designed to receive human wastes direct- 


ly from the user. (The term is sometimes also 
used to indicate the room or compartment in 
which the fixture is located.) Water closets are 
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rated at 6 drainage fixture units of waste dis- 
charge and require a 3-inch waste pipe and a 
2-inch vent. 

Water closets are usually made«of vitreous 
china. They are installed either directly on the 
floor (in which case they are called floor-set) or 
suspended from the wall on supporting chair 
carriers (called wall-hung water closets). Water 
closet bowls are manufactured in two different 
patterns: elongated bow! and regular round 
front bowl (which is also sometimes called the 
plain bowl). Elongated water closet bowls are 
generally 2 to 23/4 inches longer than round front 
bowls to allow the user of the fixture more room. 
In general, elongated water closet bowls are 
installed in all plumbing installations except 
those in residential or dwelling-type buildings. 


Operating Principle of a Water Closet Bowl 


The quality of a water closet bowl is judged by 
the efficiency with which it eliminates or flushes 
the wastes deposited in it. The flushing action, 
which is that of a syphon, is produced by a 
decrease in atmospheric pressure on the outlet 
side of the trap. W losetisinn | 
position (that is, not being used), it contai 

atmospheric pressure is 
the same on both sides of the trap. 

The construction of a water closet trap, as 
shown in Figure 10-1A, appears to be the same 
as that of an ordinary trap, with the inlet and 
outlet passageways of the same diameter. How- 
ever, this is not the case. The diameter of the 
outlet passageway is smaller than that of the inlet 
passageway. It is built with short offsets and 
turns so that the flow of water through it is 
retarded, causing a head of water to build up in 
the fixture bowl. When the closet is flushed, the 
water passing through the outlet passageway 
eliminates the air in the outlet passageway, 
producing a partial vacuum. Atmospheric pres- 
sure and the head of water retained on the inlet 
side of the trap force the collected organic solids 
from the fixture. 

Syphon Jet Water Closet. Figure 10-1 illus- 
trates the flushing action of a syphon jet water 


closet, and this action is described in the follow- 


ing paragraphs:* 


*Courtesy of the Kohler Company. 
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Syphon Jet Water Closet Flushing Operation: 

1. Figure 10-1A illustrates a typical front-jet 
syphon jet water closet. 

Water area: the size of the surface of the 
water in the bowl of a closet. Usually express- 
ed as width x length. 

Depth of seal: the height of water in a closet 
retained after proper refill. Measured from the 
surface of the water (or dam) to the top of the 
inlet of the passageway. 

Passageway: the channel that connects 
the bowl to the outlet. In effect, it is where 
the syphonic action is created. Because of the 
configuration of the passageway (not neces- 
sarily round), the passageway is measured by 
the largest diameter ball it will pass. 

Jet: the orifice that directs water into the 
upleg of the passageway to help create the 
syphonic flushing action. 

2. Water starts to enter the closet (Figure 
10-1B). Water enters the closet by way of the rim 
holes and jet. It rises in the bowl and flows over 
the dam, but no syphon or flushing action has 
started. 

3. More water enters the passageway (Figure 
10-1C). As soon as the water is accelerated, it will 
be directed over the dam to the other side of the 
passageway, and then redirected to the opposite 
side where it will create a curtain through the 
passageway. This curtain prevents air from en- 
tering the passageway. 

4. The passageway water level begins to rise 
(Figure 10-1D). As the water in the down leg of 
the passageway rises, air from the passageway 
mixes with the water leaving the closet. 

5. The passageway fills (Figure 10-1E). W 
illed with water, a 


good flush or syph 
n is broken (Figure 0- 1F). As 
soon as the level of the water in the bowl drops 
to the level where air is again introduced into the 
passageway, the syphon is broken and the flush 
stops. 

7. Possibility of sewer gas entering the room 
(Figure 10-1G). If the seal is not restored with 
refill water, sewer gas will enter the room. 

In addition to the syphon jet water closet, 
plumbing fixture manufacturers offer water clos- 
ets with reverse trap, washdown, and blowout 
flushing actions. 


PASSAGEWAY 


Figure 10-1. Flushing action of a syphon jet water closet. 
(Kohler Co.) 
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Reverse Trap Water Closet. The flushing 
action and general appearance of the reverse 
trap water closet bowl (Figure 10-2) are similar to 
that of the syphon jet water closet. However, the 
water area and passageway are smaller, and the 
depth of seal is less than in the syphon jet closet. 
The combination of these features means that a 
reverse trap water closet requires less water for 
the flushing operation than does a syphon jet 
water closet. | 


Washdown Water Closet. The washdown 
water closet bowl (Figure 10-3) is inexpensive 
and simple in construction. It differs from the 
syphon jet and reverse trap water closets in that 
the trap passageway is at the front rather than 
the rear of the bowl. 

The flushing action of the washdown water 
closet bowl is created by water from the flushing 
rim and the jets filling the bowl until enough 
head is formed for flushing. The jets direct a 
portion of the flushing water directly over the 
dam of the passageway to accelerate the flush- 
ing action. 

Washdown water closets are not considered 
acceptable by many municipal plumbing codes 
because the flat surface at the front of the bowl, 
which is above the water level, may become 
fouled with solid wastes. 


Blowout Water Closet. The blowout water 
closet (Figure 10-4) is used in commercial 
plumbing installations. The flushing action of 
the blowout water closet cannot really be com- 
pared with the three flushing actions previously 
described, as it depends entirely on alarge jet of 
water being directed into the inlet of the trap 
passageway. The force of this jet of water draws 
the contents of the bowl into the inlet of the trap 
passageway and forces (or blows) them into the 
outlet passageway to flush the bowl. An advan- 
tage of the blowout water closet is its ability to 
flush large amounts of toilet paper without be- 
coming plugged. 

Wall-hung blowout water closets may be dis- 
tinguished from wall-hung syphon jet water 
closets by the number of bolts used to anchor 
the closet bowl to the supporting chair carrier. 
Syphon jet water closet bowls are anchored with 
4 bolts, while blowout closets always use 3 bolts. 


204  Plumbing—Installation and Design 


WATER AREA 
9-3/4" x 11-1/4" У 


SS 


3" DEPTH 
OF SEAL 


277 PASSAGEWAY 


1-7/8” 


PASSAGEWAY 
7 \ Dle r 48 
Б WATER AREA E | 
СА ж 
\ 
i 


1-5/8” PASSAGEWAY 


Figure 10-3. Washdown water closet. (Kohler Co.) 
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Figure 10-4. Blowout water closet. (Kohler Co.) 
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Figure 10-5. Component parts of a water closet flush tank. 


(Kohler Co.) 


Flush Devices for Water Closets 


The water to flush a water closet is supplied by 
either a flush tank (Figure 10-5) or a flushometer 
valve (Figures 10-6 and 10-7). 

Flush tanks are commonly used on water clos- 


SEGMENT 
DIAPHRAGM 


HANDLE 


GUIDE 
RELIEF VALVE 


bcd S p VALVE OUTLET 
PLUNGER Е 


BY-PASS PORT : 


ets in residential construction. In addition to 
being less expensive than flushometer valves, 
they have the advantages of quieter operation, 
and they require less water pressure and a small- 
er volume of water. (A water closet flushometer 


alere му ж WE 


EE aen eee 
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HANDLE 


VALVE OUTLET 


Figure 10-7. Piston-type flushometer valve. (Sloan Valve 


Co.) 
valve requires a minimum of 1-inch size water brass seat. The plunger is connected to the brass 
supply, while a flush tank may be supplied with a float rod, which has the float attached to the end. 
/з-іпсһ pipe, which lowers the cost of installa- Pressure on the trip lever starts the tank in 
tion.) operation. | 


On the other hand, flushometer valves are 
used on commercial plumbing installations be- 
cause maintenance costs are low and their rapid 
flushing action wastes less water than a flush 
tank. 


The working parts of a water closet flush tank is shut off. _ 

consist of: To flush the closet bowl, the trip lever on the 
outside of the flush tank is pressed. This action 
raises the rubber tank ball from the flush valve 
seat. The water stored in the tank flows by 
gravity into the water closet bowl with such 
velocity that a syphonic flushing action occurs in 
the bowl. The tank ball floats back down on top 
of the receding water. It is drawn onto the seat of 
the flush valve by the action of the water passing 
into the closet bowl. When the tank ball has 
seated itself, the flush is stopped, and the water 
closet tank again becomes watertight and refills 


1. A float valve or ball cock assembly connect- 
ed to the water supply. 

2. The flush valve assembly consisting of an 
overflow tube, valve seat, and a rubber tank 
ball that is attached to the trip lever with lif 
wires. 


The relationship of these components within the 
flush tank is illustrated in Figure 10-5. 
The flush tank receives its supply of water by - 
= means of the ball cock assembly. This contains a 
seat, faced by a soft rubber compression washer. with water. 
The rubber washer, which is fastened to the float The flush valve is constructed with an overflow 
valve plunger, moves up and down over the tube, which is by-passed into the closet bowl 
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below the seat of the flush valve. The overflow 
allows any leakage of the ball cock to enter the 
closet bowl rather than overflow the tank. 

The refill tube is piped into the overflow tube. 
Since water closets are flushed by a syphonic 
action that draws practically all of the water seal 
from the trap, it is the function of the refill tube 
to replace this water in the closet bowl and so 
prevent the passage of sewer gas through the 
water closet trap. The flow of water through 
the refill tube stops when the float reaches the 
proper height to shut off the flow of water 
through the ball cock assembly. 

Although nearly every plumbing fixture manu- 
facturing company has its own peculiar design 
of internal component parts within a water closet 
flush tank, the operating principles of all flush 
tanks, as just described, are the same. 

Types of Water Closet Flush Tanks. Water 
closet flush tanks are manufactured either as a 
close-coupled tank and bowl or as a one-piece 
water closet (see Figure 10-8). On a close- 
coupled water closet, the tank and bowl are 
separate, but the flush tank is bolted directly to 
the water closet bowl with a rubber gasket. 

On a one-piece water closet, the flush tank 


and closet bowl are a single piece of vitreous | 


та. Figure 10-8 illustrates a one-piece, low- 
silhouette water closet tank and bowl combina- 
tion. 


Flushometer Valves. "^ flushometer valveisa - 


. It is a very 
efficient device for flushing water closets, uri- 
nals, and some types of hospital fixtures. A 
flushometer valve is commonly installed in place 
of a flush tank for commercial plumbing installa- 
tions because of its rapid flushing action and 
ease of service. 

A flushometer valve can be operated at 6- to 
10-second intervals, The efficiency of the valve is 
due to its small number of internal working 
parts. The principle involved in its operation is a 
simple one—equalization of pressure on both 
sides of a relief valve contained within the body 
of the valve proper. 


Two types of flushometer valves аге in use 
viaday:-tbe-diagDaggm (Figure 10-6) and the pis-- 


. The water pressure in the lower chamber (below 
E. = ти 


(Figure 10-7) flushometer valves. Although 
they vary in outside appearance, they are similar 


.in their working principle. The following para- 


graphs, supplied by the Sloan Valve Company, 
describe the operation of both the diaphragm- 
and the piston-type flushometer valves. 


zz = diaphragm-type flushometer valve, 


illustrated E ји as follows:* 
When the r valve is in the closed 
position, the seo men E ^o the 
valve into an upper a amber with 
equal water pressures on both sides of the 
diaphragm. The gr 


allows water to escape from the upper chamber. 


(relief valve, disc, seg- 
ment diaphragm, and ит as a unit, allowing 
water to flow down through the valve outlet to 
flush the fixture. 
hile the valve is operating, a small amount o 
water flows through the by-pass port in the 
diaphragm, gradually refitting the upper cham- 
ber and equalizing the pressures once more. As 
the upper chamber gradually fills, the diaphragm 
eturns to its seat to close the valve 


small hole, which can become plugged with dirt _ 
or sand particles. When this by-pass port is | 
plugged, the flushometer valve will continue 
flushing until it is cleared, for when the port is 


blocked, no water can enter the upper chamber < 


of the flushometer valve to equalize the pres- 
sures between the upper and lower chambers 
and stop the flushing action. For this reason, if 
dirty or sandy water is a problem in the building 
in which flushometer valves are to be installed, 
piston-type flushometer valves (which are de- 
scribed next) are preferred to diaphragm-type 
flushometer valves. 

Operation of a Piston-Type Flushometer 
Valve. The piston-type flushometer valve, illus- 
trated in Figure 10-7, operates as follows:* 


*Courtesy of the Sloan Valve Company. 
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The by-pass port in the diaphragm 15 a very / бар: is 


The double-molded cap divides the valve into 
an upper and lower chamber, with equal water 
pressures in both chambers when the valve is in 
the closed position. The greater pressure area 
on top of the piston holds the valve closed on the 
main seat. 

A slight movement of the handle in any direc- 
tion pushes the plunger, which tilts the relief 
valve and allows water to escape from the upper 
chamber. The water pressure in the lower cham- 
ber below the cup, which now is greater, raises 
the piston from the main seat, allowing water to 
flow down through the va/ve outlet to flush the 
fixture. 

While the valve is operating, a small amount of 
water flows through the by-pass and chamber of 
the xpelor, gradually filling the upper chamber 
and equalizing pressures once more. As the 
upper chamber gradually fills, the piston returns 
to the seat to close the valve. 


Water Closets Used in 
Residential Construction 


There are many models of water closets pres- 
ently manufactured for use in residential con- 
struction. Figure 10-8 pictures some of the more 
commonly used models, and the features of 
each type are described below. 

The type most commonly used in residential 
construction is an inexpensive, floor-set water 
closet with a close-coupled flush tank and bowl 
combination. This closet has a syphon jet flush- 
ing action. Water closets of this type are also 
available in water-saving models. The flushing 
action of water-saving closets has been de- 
signed to ensure a positive flush with 37/2 gallons 
of water, compared with the 5'/2 gallons required 
to flush other water closets. 

A second type is the modern one-piece water 
closet flush tank and bowl combination. This 
floor-set closet features a low silhouette and an 
elongated pattern bowl. Since the water height 
in the flush tank is not adequate to give a proper 
rim flush, a connection is made from the ball 
Cock assembly directly to the flushing rim. This 
closet requires a minimum of 35-40 pounds of 
water supply pressure for proper operation. 

The third type shown in Figure 10-8 is a 
wall-hung syphon jet water closet with a close- 
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A—FLOOR SET CLOSET WITH 
CLOSE-COUPLED TANK AND BOWL 


B—ONE-PIECE FLOOR SET CLOSET TANK 
AND BOWL COMBINATION 


C—WALL-HUNG SIPHON JET WATER 
CLOSET WITH A CLOSE-COUPLED TANK AND BOWL 


D—FLOOR SET, ABOVE-THE-FLOOR WASTE OUTLET 
CLOSET WITH A CLOSE-COUPLED TANK AND BOWL 


Figure 10-8. Water closets used in residential construction. 
(Kohler Co.) і 


coupled tank and bowl. The closet is anchored 
to the wall with a concealed supporting carrier. 
The off-the-floor design of this closet makes 
cleaning both the fixture and the floor much 
easier. 

The last residential water closet shown is a floor- 
set water closet with above-the-floor waste outlet. 


This closet uses a close-coupled flush tank and has . 


a syphon jet flushing action. Above-the-floor waste 
outlet water closets are popular in multiple-story 
apartment buildings, hotels, and motels as they 
take less time to rough-in and do not need waste 
piping below the floor. 

Water Closets Used in 

Commercial Construction 

Figure 10-9 pictures some of the more com- 
mon types of water closets used in commercial 
construction (that is, any construction that is 
nonresidential). The features of each type of 
water closet are described below. 

One type of wall-hung syphon jet water closet 
has an elongated bowl. This closet uses a flush- 
ometer valve to supply the water for flushing. 

Another wall-hung syphon jet. water closet 
has a concealed flushometer valve. The flushom- 
eter is concealed behind the wall in the pipe 
space to prevent vandalism and/or tampering 
with the valve. 

One type of wall-hung blowout water closet 
has an exposed flushometer. Blowout water 
closets are also available for use with a con- 
cealed flushometer valve. 

The figure also shows a floor-set syphon jet 
water closet with an elongated bowl, which 


uses a flushometer valve. Closets of this type 
are manufactured in a variety of different bowl 
heights for different uses. (Bowl height is the 
height of the top of the flush rim of the closet 
bowl above the floor.) The standard bowl height 
is 15 inches, while 18 inches is the bowl height 


used for handicapped and elderly persons, and 
either a 10- or 13-inch bowl height is used for 
closets designed for small children (for exam- 
ple, in schools). 

Another type of floor-set syphon jet water 
closet has a close-coupled flush tank. This closet 
also has an elongated bowl. Closets of this type 
are manufactured with a 15-inch bowl height for 
normal commercial use and with an 18-inch bowl 
height for use by handicapped persons. 

Water Closet Seats 

A water closet seat is the device installed 
around the rim of a water closet to support the 
person using the closet. For the comfort of the 
user and for cleanliness, water closet seats are 
manufactured from smooth, nonabsorbent ma- 
terials. At the present time, most water closet 
seats are manufactured from solid plastic or 
pressed wood fibers with either a sprayed or a 
dipped-paint finish. The pressed wood seat is 
less expensive than solid plastic. Water closet 
seats are available in black, white, and a variety 
of colors to harmonize with or accent the bath- 
room plumbing fixtures. 

Water closet seats (Figure 10-10) are manufac- 
tured with a closed front seat and cover for 
residential use, and with open fronts and no 
cover for public use. 


10-9A. WALL HUNG SIPHON 
JET WATER CLOSET 


10-9B. WALL HUNG SIPHON JET 
WATER CLOSET WITH CONCEALED 
FLUSHOMETER VALVE 


Figure 10-9. Water closets used in commercial construction. (Kohler Co.) 


10-9C. FLOOR SET SIPHON JET 
WATER CLOSET 
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CLOSED FRONT SEAT AND COVER 
Figure 10-10. Water 
[s] URINALS 


A urinal is a water-flushed plumbing fixture 
designed to receive urine directly. Urinals are 
manufactured from vitreous china or enameled 
cast iron. Urinals, like water closets, are availa- 
ble with a variety of different flushing actions: 
washout, syphon jet, and blowout. 

Washout Urinals. |n a urinal with a washout 
flushing action, the flushing water enters the top 
of the urinal, flows out into the fixture through 
Openings in the top rim of the urinal, spreads 
across the back of the urinal, and flows by 
gravity out through the urinal trap into the sani- 
tary drainage system. The trap of a washout 
urinal is not actually flushed, but rather the 
waste is washed out of it. Washout urinals are 
Characterized by restricted openings over the 
inlet of the trap at the bottom of the urinal. This 
restricted opening may be either a beehive 
Strainer (see Figure 10-11) or small openings 
cast in the china. The purpose of these small 
Openings is to prevent any debris that is dropped 
or thrown into the urinal from plugging the 
fixture trap. Figure 10-11 illustrates four different 
styles of washout urinals. 

A stall urinal is set into the floor of the toilet 
room. The beehive strainer waste outlet is con- 
nected with a caulked joint to a separate P-trap, 
which is installed below the floor level. Stal! 
urinals are rated at 3 drainage fixture units of 
waste discharge and require a 2-inch P-trap and 
а 17/4-іпсһ vent pipe. 
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OPEN FRONT SEAT 


closet seats. (Kohler Co.) 


A wall-hung washout urinal has an integral 
(built-in) 2-inch P-trap. The outlet openings to 
this trap consist of several small holes cast into 
the china at the bottom of the urinal. Wall-hung 
washout urinals with an integral trap are rated at 
4 drainage fixture units of waste discharge and 
require a 2-inch waste pipe and a 17/4-іпсһ vent 
pipe. 

Another type is the bottom outlet, wall-hung 
washout urinal. The drain opening in this urinal 
is a beehive strainer, which is attached to a 
separate, exposed 1'/2-inch trap. Bottom outlet, 
wall-hung washout urinals are rated at 2 drain- 
age fixture units of waste discharge and require 
a 117/4-іпсһ vent pipe. 

Trough urinals are available in 3-, 4-, 5-, and 
6-foot lengths. The flushing water enters a 
trough urinal through the perforated flush pipe 
attached to the back edge of the fixture (Figure 
10-11). The waste flows into a beehive strainer 
апа out the bottom to a separate 1'/2-inch P- 
trap. A trough urinal is rated at 2 drainage fixture 
units of waste discharge and requires a 1 1/4-іпсһ 
vent. Trough urinals are the only style of urinal 
manufactured in enameled cast iron. 

Syphon Jet Urinals. The flushing action of a 
syphon jet urinal flushes the fixture trap clear of 
wastes in the same manner as the flushing 
action of a syphon jet water closet. These urinals 
have a large opening over the trap inlet in the 


bottom of the urinal. Several syphon jet urinals 
are pictured in Figure 10-12. 


A. STALL URINAL 


D. TROUGH URINAL 


Figure 10-11. Washout urinals. (Kohler Co.) 


Two wall-hung syphon jet urinals with a 2-inch 
waste outlet are shown. These urinals, which 
have an integral 2-inch trap, are rated at 4 
drainage fixture units of waste discharge and 
require a 17/4-іпсһ vent pipe. 

A pedestal syphon jet urinal is set on the floor 
and has an integral trap. Pedestal urinals are 
rated at 6 drainage fixture units of waste dis- 
charge and require a 3-inch waste pipe and a 
2-inch vent pipe. 

Women's urinals are differently designed so 
that they can be straddied for use. One type of 
women's urinal is floor set, while another is 
wall-hung from a supporting chair carrier. Both 
of these urinals have integral traps, are rated at 6 
drainage fixture units of waste discharge, and 
require a 3-inch waste pipe and a 2-inch vent 


pipe. 


B. WASHOUT URINAL 
WITH INTEGRAL TRAP 


Blowout Urinals. А blowout urinal is flushed 
with a large jet of water that actually blows the 
water out of the fixture trap in the same manner 
as the flushing action of a blowout water closet. 
Blowout urinals have a large opening over the 
trap inlet at the bottom of the fixture. Since the 
flushing action of blowout urinals is very noisy, 
they are used only in installations where this 
noise will not create a problem. 

Two different styles of blowout urinals are 
pictured in Figure 10-13. Both urinals have inte- 
gral P-traps. One style is rated at 4 drainage 
fixture units of waste discharge and requires a 
2-inch waste and 17/4-іпсһ vent. The other is 
available with either a 2-inch or a 3-inch waste 
outlet. If the urinal has a 2-inch waste, it is rated 
at 4 drainage fixture units of waste discharge 
and requires a 2-inch waste pipe and a 1'/4-inch 
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C. BOTTOM OUTLET 
WASHOUT URINAL 
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TOP: WALL-HUNG, SIPHON JET URINALS WITH A 
2-INCH WASTE. 


MIDDLE: FLOOR-SET, SIPHON JET URINAL WITH A 
3-INCH WASTE. 


BOTTOM: WOMENS URINALS; LEFT, FLOOR-SET; RIGHT, 
WALL-HUNG. BOTH REQUIRE A 3-INCH WASTE. 


Figure 10-12. Syphon jet urinals. (Kohler Co.) 


vent pipe. When supplied with a 3-inch waste 
outlet, this same urinal is rated at 6 drainage 
fixture units of waste discharge and requires a 
3-inch waste pipe and a 2-inch vent pipe. Wall- 
hung blowout urinals with a 3-іпсһ waste outlet 
usually are supported on concealed chair carri- 
ers. 


Flush Devices for Urinals 


A urinal must be equipped with an adequate 
flushing device to completely remove the urine 
from the fixture after it is used, to prevent the 
spread of disease, fouling of the urinal, and 
offensive urine odor. Urinals may be flushed with 


either a hand valve (Figure 10-14) or a flushome- 
ter valve (Figure 10-15). 

The flushing of urinals in public buildings 
presents a problem. The user of a urinal in such 
buildings does not always take the time to flush 
the fixture after he uses it. For this reason, 
plumbers install flush devices that will automati- 
cally flush the urinal(s) at predetermined time 
intervals. Two types of automatic flushing devic- 
es installed by plumbers on urinals are the auto- 
matic flushometer valve (Figure 10-16) and the 
urinal flush tank (Figure 10-17). Automatic flush 
devices should be installed with a timer mech- 
anism to prevent wasting water during periods of 
non-use. 


Figure 10-13. Blowout urinals. (Kohler Co.) 


Figure 10-15. Diaphragm-type flush- 


Figure 10-14. Urinal hand flush valve. 
(Chicago Faucet Co.) 


ometer valve for flushing a washout 
urinal. (Sloan Valve Co.) 


Figure 10-16. Automatic flusho- 
meter valve. (Sloan Valve Co.) 
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SYPHON 
FLUSH TANK ~ 


Figure 10-17. Component parts of a urinal flush tank. (Koh- 
ler Co.) 


A hand valve for flushing washout urinals is 
pictured in Figure 10-14. To flush a urinal with a 
valve of this type, the user of the fixture presses 
and holds the push button on the valve, allowing 
water to enter the fixture. When released, the 
valve slowly closes itself, shutting off the flow of 
water. Self-closing hand valves are also available 
with different styles of handles. 

A flushometer valve for flushing urinals is 
pictured in Figure 10-15. Although the valve 
pictured is a diaphragm-type flushometer valve, 
piston-type flushometer valves (see Figure 10-7) 
also may be used to flush urinals. 

Flushometer valves for urinals differ from 
those for water closets in two ways: 

1. Since urinals normally require less water 
for flushing than water closets, the internal parts 
of urinal flushometer valves are adjusted to de- 
liver a smaller volume of water. 

2. The water outlet of a flushometer valve for 
a urinal (see Figure 10-15) is 3/4-inch size for 
washout urinals and 11/4- or 1'/2-inch size for 
syphon jet and blowout urinals. (Water closet” 
flus 1'/»-inch water - 
OU 

An automatic flushometer valve is pictured 
in Figure 10-16. This flushometer valve has 
an electric motor operator that activates the 
flushing mechanism of the valve in place of the 
handle assembly (see Figure 10-15). This electric 
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motor operator is connected to an electric timer 
mechanism, which activates the operator to 


flush the urinal at predetermined time intervals. 


The timer can be adjusted so that the urinals are 


flushed only once each hour during periods of 


little or no use such as evenings and weekends. 
A urinal flush tank, which is used to flush a 


washout urinal, is pictured in Figure 10-17. Since 


urinal flush tanks are mounted on the wall above 
the urinal, they are sometimes called high tanks. 
Flush tanks may be used to flush more than one 
washout urinal in the same toilet room. There are 
two components contained within a urinal flush 
tank—a supply valve and a syphon flush valve 
(see Figure 10-17). 

The supply valve is adjusted to allow water to 
run continuously into the flush tank so that it 
flushes frequently enough to cleanse the urinal. 


The syphon flush valve is designed so that as 
the water rises within the flush tank, a syphon is 
created that draws the water from the tank and 
discharges it into the urinal(s) to be flushed. 


(9) LAVATORIES . 


—A-Javatory is a plumbing fixture designed for 
washing of the hands and face. It is commonly 


found in bathrooms and rest rooms. Lavatories 
are also called wash basins or vanity lavatories. 
They are rated at 1 drainage fixture unit of waste 
discharge and r | 4-і ipe and 
а 11/4-іпсһ vent pipe. 


The lavatory has the most variety of any 
plumbing fixture with respect to color, size, and 
shape. Lavatories are made from vitreous china, 
enameled cast iron, enameled pressed steel, 
stainless steel, and plastic. They are available in 
wall-hung, vanity, and vanity-top models. 


A wall-hung lavatory is a lavatory that is sup- 
ported on a stamped steel or cast iron bracket 
fastened to the wall. This bracket is supplied 
with the lavatory by the plumbing fixture manu- 
facturer. | 

„А wali-hung lavatory is normally installed with- 
its flood level rim 31 inches above the floor. This 
height permits the user of the fixture to stand 
slightly bent over the basin, so that water used 


d LAVATORY 
CORNER LAVATORY | 


Figure 10-18. Wall-hung lavatories. (Kohler Со.) 


for washing tends to drain from the arms back 
into the basin. 

Several different styles of wall-hung lavatories 
are pictured in Figure 10-18. These are a corner 
lavatory, a raised back lavatory, and a ledge or 
shelf-back lavatory. These styles of wall-hung 
lavatories are manufactured from vitreous china 
and enameled cast iron. 

Figure 10-19 shows a wall-hung wheelchair 
lavatory, made from vitreous china, that is in- 
stalled in the rest rooms of public buildings for 
the convenience of handicapped persons. This 
lavatory is supported from a concealed-arm-type 
support. 

Figure 10-19 also shows a sketch of a handi- 
capped person using a wheelchair lavatory. To 
permit a wheelchair to slide under the lavatory, 
as pictured, the fixture must be installed with the 
flood level rim 34 inches above the floor. 

Wheelchair lavatories use a special faucet that 
has long blade handles and a high spout, both of 
which extend toward the user of the fixture. In 
addition, the drain fittings below the lavatory are 
offset back toward the wall to move the trap 
away from the user's legs. 

A variety of vanity lavatories are pictured in 
Figures 10-20 and 10-21. (A vanity is a bathroom 
fixture consisting of a lavatory set into the top of 
a cabinet) Vanity lavatories are also called 
counter-top lavatories. They are manufactured 
from enameled cast iron, vitreous china, enam- 
eled pressed steel, stainless steel, and plastic. 


Figure 10-20 illustrates the three installation 
styles of vanity lavatories: 


1. Rim type lavatory set in a stainless steel rim, 
which is fastened to the counter top. 

2. Self-rimming lavatory, which is set directly 
on the counter top. 

3. Undercounter lavatory, which is mounted 
below an acrylic plastic or marble counter 
top. 


In addition to the oval shaped vanity lavatories 
pictured in Figure 10-20, vanity lavatories are 
made in round and rectangular shapes (Figure 
10-21). 

A vanity-top lavatory is pictured in Figure 
10-22. A vanity-top lavatory is a one-piece wash 
basin and counter top that is set on top of a 
vanity cabinet. Vanity-top lavatories are made 
from marbleized acrylic plastic in several differ- 
ent colors and sizes. 


Lavatory Trim 


Lavatory trim consists of a faucet (or lavatory 
fitting), which controls the supply of cold and 
hot water to the lavatory, and the lavatory drain 
fitting through which the water drains from the 
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Figure 10-21. Round and rectangular vanity lavatories. (Koh- 
ler Co.) 


lavatory. Lavatory faucets may be classified as 
either compression faucets or port control fau- 
cets. 

A compression faucet is a faucet in which the 
flow of water is shut off by means of a washer 
that is forced down (or compressed) onto its 
seat. Compression faucets operate in much the 
same manner as the globe valve, which was 
described in Chapter 3. 


Figure 10-22. Acrylic plastic vanity-top lavatory. (Kohler Co.) 


Most lavatory compression faucets are combi- 
nation faucets, consisting of the cold and hot 
water compression valves joined together in one 
faucet body with a common mixer spout. This 
faucet permits the user of the fixture to mix the 
coid and hot water to the desired temperature. 

A port control faucet is a single-handle, non- 
compression faucet that contains within the fau- 
cet body ports for both cold and hot water, and 
some method of opening and closing these 
ports. This control may be accomplished either 
by a cartridge or a disk. The cartridge (or disk) 
opens or closes one or both ports in the faucet 
body to mix the water to the desired temperature 
and volume. The working principle of one type of 
cartridge faucet is illustrated in Figure 10-23. 

Lavatory drain fittings are installed in the bot- 
tom of the lavatory. The most common type of 
lavatory drain fitting is the pop-up waste fitting. 
This fitting consists of a brass waste outlet into 
which a sliding metal or plastic stopper is fitted. 
A lever that passes out the side of the drain 
fitting is connected to a lift rod on top of the 
lavatory. This rod is lifted to lower the stopper 
and allow the lavatory to fill. It is depressed to 
raise the stopper and drain the lavatory. 


Lavatory drain fittings are also available with a 
perforated grate over the drain opening (Figure 
10-24) for use in public buildings where it is not 
desirable to allow the user of the fixture to fill the 
lavatory with water. 


OFF 


FULLY INSERTED САМ SE- 
CURELY SEALS RUBBER 
SLEEVE AGAINST BOTH HOT 
AND COLD SUPPLY PORTS. 


ON — MIX POSITION 


WITHDRAWING САМ  PER- 
MITS SLEEVE TO FLEX AWAY 
FROM PORTS — ALLOWS 
WATER TO FLOW. 


ON — SINGLE TEMP. 


TURNING CAM ALIGNS BEV- 
EL WITH ONE PORT, FLAT 
SIDE WITH OTHER, RESULT: 
ONE SUPPLY FLOWING, ONE 
SEALED. 


Figure 10-23. Working principle of a single-handle lavatory 
faucet. (Kohler Co.) 


Although the previous paragraphs describe 
lavatory faucets and waste trim as separate 
items, they are usually supplied as a combina- 
tion fitting, which includes a lavatory faucet and 
a pop-up drain assembly. Figure 10-25 illustrates 
some of the more common types of these fit- 
tings. 
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SR. 


Figure 10-24. Lavatory drain fitting for use in public build- 
ings. (Kohler Co.) 


The center-set fitting is the most common type 
of lavatory fitting. This faucet is a combination 
compression faucet. It is used on lavatories that 
have the faucet mounting holes drilled on 4-inch 
centers. 

The concealed faucet, or bottom-mounted 
faucet, is also a combination compression type 
faucet. This faucet fits lavatories where the fau- 
cet mounting holes are drilled on 8- or 12-inch 
centers. It is installed on the lavatory with the 
faucet body below the fixture and only the cold 


ROHL ER 


CENTERSET FITTING 


CONCEALED FAUCET 


and hot faucet handles and the spout on the top 


of the lavatory. 
Figure 10-25 also shows the single-handle 


faucet. This faucet and drain assembly are also 


used on lavatories that have the faucet mounting 
holes drilled on 4-inch centers. 


о BATHTUBS 


A bathtub is a receptacle for water that is 
shaped to fit a human body and is used for 
bathing. Bathtubs are rated at 2 drainage fixture 
units of waste discharge, and require а 17/2 inch 
waste pipe and a 1'/4-inch vent pipe. 

Bathtubs are identified as right-hand or left- 
hand, according to the location of the tub waste 
opening. A right-hand bathtub has the drain on 
the right end of the tub as you face the length of 
the tub. A /eft-hand bathtub has the drain on the 
left. l 

Bathtubs are manufactured from enameled 
cast iron, enameled pressed steel, and fiberglass 
in a variety of sizes, shapes, and colors. The two 
most common types of bathtubs, the recessed 
bathtub and the bath-shower module, are pic- 
tured in Figure 10-26. 


SINGLE HANDLE FAUCET 


Figure 10-25. Lavatory faucets with pop-up drain assemblies. (Kohler Co.) 
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4 BATH-SHOWER MODULE 
RECESSED BATHTUB 4» 


Figure 10-26. Bathtubs. (Kohler Co.) 


A recessed, or built-in, bathtub is permanently 
attached or built in to the walls and floor of the 
bathroom. Recessed bathtubs are made from 
enameled cast iron and enameled pressed steel. 

A bath-shower module, also shown in Figure 
10-26, is an integral bathtub and shower wall 
combination that is made from fiberglass. Bath 
modules are usually made in one piece, although 
some models are made with the walls separate 
from the tub. This type of bathtub is especially 
popular in residential construction because the 
fiberglass shower walls eliminate the need for 
ceramic tile in the shower area. 


Bathtub Faucets 


Water is supplied to a bathtub through an 
overrim bathtub fitting. The overrim bathtub fit- 
ting consists of a faucet assembly and a mixing 
spout. These are mounted in the wall on the 
drain end of the bathtub with the spout above 
the flood level rim of the bathtub (hence the 
name overrim). The bathtub fitting, like the lava- 
tory fitting, may be either a combination com- 
pression faucet or a single-handle faucet (Figure 
10-27). 


SINGLE HANDLE 
BATHTUB FITTING 


COMPRESSION FAUCET 
BATHTUB FITTING 


Figure 10-27. Overrim bathtub fitting. (Kohler Co.) 


In many plumbing installations, the bathtub is 
used both as a bathtub and as a shower bath. In 
these installations, the plumber installs a combi- 
nation bath and shower fitting (Figure 10-28). On 


RAISED TO E По 
DIVERT Tu SS LE UU 
WATER TO | 

SHOWER 

HEAD. 


SINGLE HANDLE FITTING 


COMPRESSION FAUCET FITTING 


Figure 10-28. Combination bath and shower fittings. (Kohler 
Co.) 
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this fitting, the bathtub mixing spout contains a 
diverter attached to an external knob. This knob 
is raised to divert the flow of water from the 
bathtub spout to the shower head. The two 
combination bath and shower fittings illustrated 
in Figure 10-28 are the compression-faucet-type 
and the single-handle faucet. 


Bathtub Drain Fitting 


The drain fitting used on bathtubs is a combi- 
nation waste and overflow fitting. This fitting 
provides both the outlet for the bathtub drain 
and an overflow to allow excess water to drain 
from the tub so that it does not spill onto the 
bathroom floor. 

The /ІН waste fitting (Figure 10-29) is a type of 
waste and overflow fitting commonly installed 
on bathtubs. Within the overflow tube of this 
fitting is a lifting mechanism that is connected by 
a lever to the stopper in the outlet of the tub. 
Turning the control handle (located on the over- 
flow) in one direction raises the stopper and 
allows the water to drain from the bathtub. 
Turning the handle in the opposite direction 
drops the stopper and allows the tub to fill. All 
the parts of this fitting are accessible through 
the tub overflow and the waste outlet. 


CONTROL HANDLE 


LIFTING MECHANISM 


STOPPER 


Figure 10-29. Lift-type bathtub waste and overflow fitting. 
(Kohler Co.) 
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[9] SHOWER BATHS 


A shower bath is a bath in which the bathing 
water is showered on the user's body from 
above. Shower baths are rated at 2 drainage 


fixture units of waste discharge and require a 


11/2-іпсһ waste pipe and a 1'/s-inch vent pipe. 
However, most shower baths are supplied with a 
2-inch waste outlet. 

There are many types of shower baths. They 
may consist of one shower head installed in a 
small enclosed space in a residence or a series 
of heads installed in a large shower room in 
industrial buildings, schools, gymnasiums, etc. 

There are two distinct types of residential 
shower baths. One consists of a shower enclo- 
sure, and the other is constructed of glazed 
ceramic tile. 


Figure 10-30. One-piece fiberglass shower enclosure. (Koh- 
ler Co.) 


A shower enclosure is pictured in Figure 
10-30. This enclosure is constructed of fiber- 
glass in one piece to completely waterproof the 
shower bath area. Other shower enclosures of 
this type are manufactured in fiberglass and 


painted steel, with the walls and base as sepa- 
rate units that the plumber assembles on the job 
site. 

Ceramic tile shower baths may be built in 
almost any shape to fit the available space within 
the bathroom. In a ceramic tile shower, the 
plumber installs either a shower base (construct- 
ed of fiberglass or terrazzo) or a waterproof 
membrane. The tile setter then completes the 
installation of the shower enclosure. A typical 
fiberglass shower base is pictured in Figure 
10-31. 


Shower Bath Water Supply Valve 


Shower baths, like lavatories and bathtubs, 
use either a combination compression valve or a 
port control valve (Figure 10-32) to control the 
volume and temperature of water flowing from 
the shower head. 

A thermostatic-mixing shower valve (Figure 10- 
32) may be installed in shower baths. These valves 
contain either a thermostatic device or a pressure 
balancing mechanism within the valve body to 
maintain the selected water temperature to reduce 
the risk of scalding the person using the shower. 


Figure 10-31. Fiberglass shower base. (Powers-Fiat, div. of 


Powers Regulator Co.) 
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Figure 10-32. Shower bath water supply valves. (Kohler Co.) 
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Shower Bath Drains 


Shower bath enclosure (Figure 10-30) and 
shower bases (Figure 10-31) discharge their 
wastes into a 2-inch P-trap that is caulked into 
the strainer fitting in the bottom of the shower 
bath. The strainer fitting is supplied with either 
of these two types of showers by the manufac- 
turer. 

Shower baths with a floor constructed of ceramic 
tile use floor drains of the types pictured in Figure 
10-45. 


.— BIDETS 


A bidet (Figure 10-33) is a low-set bowl 
equipped with cold and hot running water, 
which is used especially for bathing the external 
genitals and posterior parts of the body. The 
bidet is widely used in European bathrooms and 
is becoming increasingly popular in modern 
bathrooms in the United States. 


Figure 10-33. A bidet. (Kohler Co.) 
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To use a bidet, the user sits astride the fixture, 
facing the cold and hot water faucets, to wash 
the genital and anal areas. The water supply 


. to the bidet is controlled by the faucet mounted 


on the back of the bidet, which operates in the 
same way as a lavatory faucet to control both 


. water temperature and volume. Fresh water en- 


ters the bidet through either an upward water 
spray in the center of the bowl or a flushing rim, 
which helps maintain bowl cleanliness. А stop- 
per retains water in the bowl if desired. 


O KITCHEN SINKS 


A kitchen sink is a shallow, flat-bottomed 
plumbing fixture that is used in cleaning dishes and 
in connection with food preparation. A kitchen sink is 
rated at 2 drainage fixture units of waste discharge 
and requires a 1¥2-inch waste pipe and a 1¥%-inch 
vent pipe. 

Although kitchen sinks are available in a large 
variety of sizes and shapes, the most popular is 
the double-compartment kitchen sink installed 
on a kitchen cabinet counter top. Double- 
compartment kitchen sinks are manufactured 
from enameled cast iron, enameled pressed 
steel, and stainless steel. Figure 10-34 pictures 
three double compartment kitchen sinks: a se/f- 
rimming enameled cast iron sink, a rim-type 
enameled cast iron sink, and a stainless steel 
sink. (Enameled pressed steel sinks are not pic- 
tured, but they are very similar in appearance to 
the enameled cast iron sinks shown in Figure 
10-34.) 


Kitchen Sink Faucets 


Kitchen sink faucets are available either as 
combination compression faucets or as port 
control faucets with swing spouts. Another com- 
mon feature of kitchen sink faucets is the flexible 
hose and spray attachment, which is used for 
rinsing dishes. Figure 10-35 illustrates both a 
compression faucet and a port control faucet 
with a hose and spray. 


SELF-RIMMING ENAMELED 
CAST IRON SINK (KOHLER CO.) 


STAINLESS STEEL SINK 
(ELKAY MANUFACTURING CO.) 


Figure 10-34. Double-compartment kitchen sinks. (Kohler 
Co.; Elkay Manufacturing Co.) 


Kitchen Sink Drain Fittings 


Since kitchen sinks are used for cleaning 
dishes and in the preparation of food, the plumb- 
er installs a special drain fitting in each compart- 
ment of the sink to keep the solid food waste 
particles out of the drainage piping. 


COMPRESSION VALVE 
| SINK FAUCET 


RIM-TYPE ENAMELED CAST IRON SINK 
(KOHLER СО.). 


This fitting, pictured in Figure 10-36, is called 


a basket strainer (or duo strainer). It consists of 


a strainer body attached to the drain opening at 
the bottom of the sink compartment and a re- 
movable basket (also called a crumb cup). The 
strainer body has a strainer across its waste 


PORT CONTROL OR SINGLE 
HANDLE SINK FAUCET 


Figure 10-35. Kitchen sink faucets with spray and hose 


attachment. (Kohler Co.) 
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Figure 10-36. Kitchen sink basket strainer. (Elkay Manufac- 
turing Co.) 


outlet opening (see Figure 10-36). The basket or 
crumb cup is also the stopper used to retain 
water in the sink compartment. 

The two methods of connecting the waste 
outlets from the basket strainers in a double- 
compartment kitchen sink to the drainage piping 
are illustrated in Figure 10-37. In the first meth- 
od, each basket strainer waste is individually 


TO DRAINAGE PIPING 


WYE FITTING 


KITCHEN SINK COMPARTMENT 
INDIVIDUALLY TRAPPED 


BASKET STRAINER 


trapped. The two traps then connect to a wye 
fitting, which in turn connects to the drainage 


. piping. 


In the other method, the basket strainer wastes 
are tied together with a continuous waste fitting. 
This continuous waste fitting discharges into a 


single P-trap, which drains into the drainage 


piping. 


GARBAGE DISPOSALS 


A garbage disposal, also called a food waste 
disposer, is an electric grinding device used with 
water to grind food wastes into pulp and dis- 
charge these wastes into the drainage system. 
Figure 10-38 pictures a typical domestic gar- 
bage disposal, which is mounted beneath one 
compartment of the kitchen sink in place of the 
basket strainer assembly. | 

Although domestic garbage disposals are 
rated at 2 drainage fixture units of waste dis- 
charge, this figure is not normally added to the 


BASKET STRAINERS 


CONTINUOUS WASTE 


CONTINUOUS WASTE 


Figure 10-37. Methods of connecting kitchen sink drains to 


the drainage system. 
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Figure 10-38. Domestic garbage disposal. (In-Sink-Erator, 
div. of Emerson Electric Co.) 


drainage fixture unit load of the kitchen sink 
drainage piping. A garbage disposal may dis- 
charge its waste into a separate P-trap in a 
piping arrangement similar to that illustrated in 
Figure 10-37. A garbage disposal may also dis- 
charge its waste into a continuous waste fitting 
(Figure 10-39). When a disposal drains into a 
continuous waste fitting, as illustrated in Figure 
10-39, the tee connection joining the disposal 
waste and the waste for the other sink compart- 
ment must contain an internal baffle to prevent 
the disposal waste from backing up into the 
other sink compartment. 


ғ 


GARBAGE DISPOSAL 


BASKET STRAINER 


INTERNAL BAFFLE 


Figure 10-39. Continuous waste piping for a garbage dispo- 
sal unit beneath a double-compartment kitchen sink. 


The plumber should remind the homeowner that 
it is very important to run a large quantity of cold 
water into the garbage disposal when using it so 
that the food waste pulp will be washed out of the 
drainage piping to avoid a stoppage of the drain 
pipe. Cold water is preferred since cooking oils and 
grease will float on it and be carried out of the 
drainage piping. 


О DOMESTIC DISHWASHERS 

A domestic dishwasher (Figure 10-40) is an 
electric appliance for washing dishes. A domes- 
tic dishwasher is rated at 2 drainage fixture units 
of waste discharge and requires a 17/2-іпсһ 
waste pipe and a 1'/4-inch vent pipe if it drains its 
wastes by gravity into the drainage piping. How- 
ever, most of the domestic dishwashers installed 
by plumbers do not have a gravity drain, but their 
wastes are pumped out of the machine. 

A plumber installing a domestic dishwasher with 
a pumped-out waste may connect this waste with 
a rubber hose or copper tubing either to a 
dishwasher tailpiece beneath the kitchen sink 
basket strainer, or into the dishwasher drain 
connection on the garbage disposal, if the sink is 
equipped with this appliance (Figure 10-41). 


Figure 10-40. Domestic dishwasher. (General Electric Co.) 
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In either of these installations, the plumber 
must make a high loop in the pump discharge 
piping as it travels from the dishwasher to the 
drain connnection. The purpose of this loop is to 
allow the dishwasher to drain properly and to 
prevent wastes from the kitchen sink and/or 
garbage disposal from backing up into the dish- 
washer. : 

Some plumbing codes require installing an air 
gap fitting in the discharge piping from domestic 
dishwashers to prevent the backup of wastes from 
the kitchen sink into the appliance. This fitting is 
mounted either on the back ledge of the kitchen 
sink near the faucet or in the back of the kitchen 
countertop. The pump discharge hose is run from 
the pump to the air gap fitting and then to the drain 
as illustrated at the top of Figure 10-41. (Either in- 
stallation could be piped with an air gap fitting.) 
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Figure 10-41. Dishwasher drain connections. 
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~ 
о LAUNDRY TRAYS 


A laundry tray is a fixed tub, installed in the 


‘laundry room of a home, that is supplied with 


cold and hot water and a drain connection. The 
laundry tray is used for washing clothes and 
other household items. It is also used to receive 


the waste from the automatic clothes washer 


and to store the water from this machine, if it is 
equipped with a water reuse cycle. 

Laundry trays (sometimes called tubs) are 
rated at 2 drainage fixture units of waste dis- 
charge and require а 17/2-іпсһ waste pipe and a 
1'/4-inch vent pipe. 

Laundry trays are manufactured at present 
from fiberglass or plastics. They are available as 
either single-compartment or double-compart- 
ment tubs in wall-hung and floor-set models. A 
wall-hung laundry tray is mounted on a bracket 
supplied with the fixture, while a floor-set model 
stands on steel legs, also supplied with the 
fixture. Figure 10-42 pictures both a floor-set and a 
wall-hung double-compartment laundry tray. 


Laundry Tray Faucets 


The faucet used on laundry trays is a two- 
handle compression faucet with a swing spout 
that has a hose connection on the spout. The 
laundry tray faucet is mounted on the back ledge 
of the fixture. Two styles of laundry tray faucets 
are pictured in Figure 10-43. The faucet pictured 
at the top is used when the water supply piping 
to the laundry tray enters the faucet from above. 
This is common when the laundry tray is in- 
stalled in the basement of a home. The faucet at 
the bottom of Figure 10-43 is used when the 
water supply piping is beneath the laundry tray. 
This faucet is used on laundry trays that are 
installed in laundry rooms above the basement 
level of the home. Some plumbing codes require 
the installation of a hose thread vacuum breaker 
on laundry tray faucets or that the hose thread con- 
nection be removed from the faucet spout. 
Laundry Tray Drain Fittings 


Waste water from the laundry tray flows 
through a strainer fitting, which uses a rubber 
stopper to retain the water in the tub. This fitting 
is supplied with the laundry tray by the manufac- 
turer. A single strainer fitting is used on a 
single-compartment laundry tray. A double- 


FLOOR MODEL DOUBLE COMPARTMENT WALL-HUNG DOUBLE COMPARTMENT 
LAUNDRY TRAY LAUNDRY TRAY 


Figure 10-42. Laundry trays. (E. L. Mustee and Sons, Inc.) 


compartment laundry tray uses a wye fitting 
(Figure 10-44) that ties the two compartments of 
the laundry tray together into a common waste 
opening that discharges into a single P-trap. 


Figure 10-44. Double-compartment laundry tray drain fit- 
ting. (E. L. Mustee and Sons, Inc.) 


о FLOOR DRAINS 


A floor drain is a receptacle used to receive 
water that is to be drained from the floor into the 
drainage system. Floor drains are considered 
plumbing fixtures. 

The drainage fixture unit rating of a floor drain 
depends on the outlet size of the drain: 


1. A 2-inch floor drain is rated at 2 drainage 
fixture units. 

2. A 3-inch floor drain is rated at 3 drainage 
fixture units. 

3. A 4-inch floor drain is rated at 4 drainage 
fixture units. 


As a rule, the drainage fixture unit load of afloor 
drain is added to the sanitary drainage piping 
into which the floor drain discharges its waste; it 
аа ——- - —— ————— is not added to the vent piping. In fact, many 
Figure 10-43. Laundry tray compression faucets. Top: Type used plumbing codes do not require individual floor 
when the water supply piping is above the laundry tray; Bottom: drains to have a vent pipe if they are installed 


Type used when the water supply piping is below the laundry gi | | i 
tray. (Union Brass) within 25 feet of a vented drainage pipe line. 
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Types of Floor Drains 


Figure 10-45 pictures the three most common 
types of floor drains: 

A floor drain with an integral trap. Floor drains 
of this type are usually installed below ground 
level in buildings. 

A floor drain body for use with a separate 
P-trap. This type of drain is usually installed 
above ground level in buildings. 

A dry pan floor drain. Dry pan floor drains are 
installed in areas of buildings that are subject to 
freezing, such as entryways and garages. The 
water collected by the dry pan drain is piped to a 
trap that is located in a heated area of the 
building. 


FLOOR DRAIN WITH AN 
INTEGRAL TRAP. 


FLOOR DRAIN BODY FOR 
USE WITH A SEPARATE 
P - TRAP. 
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DRY PAN FLOOR DRAIN 


Figure 10-45. Types of floor drains. (Wade Division, Tyler Pipe) 


Features of Floor Drains 


The three types of floor drains pictured in 
Figure 10-45 have several features in common. 
Figure 10-46 pictures a cross sectional view of a 
floor drain with an integral P-trap; the following 


section lists the common features of a floor. 


drain. (It should be noted that these features are 
also plumbing code minimum requirements for 
floor drains.) 
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Figure 10-46. Features of a floor drain. 
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1. The minimum outlet size of a floor drain is 2 
inches. 

2. The floor drain strainer or grate must be 
removable. 

3. The combined free area of the holes in the 
strainer (grate) must equal the drain outlet size. 

4. Floor drain traps must be a deep seal trap 
with a 3-inch minimum trap seal. 

5. Floor drains installed below ground level 
must be equipped with a backwater valve. 


Uses of Floor Drains 


Plumbers install floor drains to receive the 
water used to wash floors and in any location 
where there is a possibility of overflow, leakage, 
and/or spillage of liquid waste onto the floor. 
Some typical locations for floor drains are: 


Home laundry and utility rooms. 
Basements of all buildings. 

Public rest rooms. 

Janitors' closets. 

Entrances and exits to large shower rooms. 
Building entryways. 

Garages. 

Restaurant kitchens. 

Food markets. 
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In addition to being used for washing the floor 
and providing a receptacle for water spills, floor 
drains are also installed in restaurant kitchens 
and food markets to receive the liquid waste 
from the equipment used to prepare and store 
food. Floor drains installed for this purpose are 
called indirect waste receptors. (An indirect 
waste is a waste pipe that does not connect 
directly with the drainage system, but conveys 
liquid wastes by discharging them into a plumb- 
ing fixture or receptacle that is connected direct- 
ly to the drainage system.) Plumbing codes 
usually require that all plumbing fixtures and 
equipment used in the preparation and/or stor- 
age of food have an indirect waste. 

Plumbing codes also require that floor drains 
used as shower bath drains, janitors' receptors, 
slop sumps, or any such receptor with a built-up 
curb or threshold and a water supply, must be 
equipped with a regular seal P-trap, and that this 
trap must be vented according to the standard 
trap-to-vent distance table (Table 6-7). 


[s] DRINKING FOUNTAINS 
AND WATER COOLERS 


A drinking fountain is a fixture that delivers a 
stream or jet of drinking water through a nozzle. 
This stream of water is delivered at an upward 
angle so that the user of the fixture may drink 
from the fountain without using a cup. Drinking 
fountains are manufactured from vitreous china, 
enameled cast iron, and stainless steel. 

A water cooler is an electric appliance that 
combines a drinking fountain with a water- 
cooling unit. The water-cooling unit cools the 
drinking water entering the appliance to the 
desired temperature before delivering it to 
the nozzle. (Most authorities believe 50°F (10°C) 
to be the ideal temperature for drinking water.) 

Drinking fountains and water coolers are both 
rated at 1 drainage fixture unit of waste dis- 
charge. 

Although drinking fountains and water coolers 
are available in a variety of styles, the style most 
commonly installed by plumbers is the wall- 
hung fixture. Figure 10-47 pictures a wal/-hung 
viterous china drinking fountain and a wall-hung 
water cooler. 


Figure 10-47. Wall-hung drinking fountain and a wall-hung 
water cooler. (Kohler Co.; Elkay Manufacturing Co.) 


Sanitary Features of Drinking Fountains 
and Water Coolers 


A typical plumbing code requires that all 
drinking fountains and water coolers be con- 
structed with the following sanitary features (see 
Figure 10-48): 


1. The bowl of the fountain must be construct- 
ed of a nonabsorbent material. 

2. A mouth protector must be provided over 
the nozzle. 

3. The drinking water must be delivered at an 
angle so that no water can fall back onto the 
nozzle. 

4. The nozzle must be located above the spill 
line (flood level rim) of the fountain. 

5. The water supply to the fountain must be 
entirely separate from the waste. 
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Figure 10-48. Features of drinking fountains and water cool- 
ers. (Kohler Co.) 
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NO VENT NECESSARY 


1-1/4" P - TRAP 


1-1/4" WASTE PIPE 


In addition to the above construction features, 
plumbing codes usually do notallow the installa- 
tion of drinking fountains and water coolers in 
rest rooms. 


Drinking Fountain and Water Cooler Trim 


The water supply fitting for drinking fountains 
and water coolers consists of a self-closing 
compression stop and a stream-regulating valve 
that are attached to the fountain nozzle. A self- 
closing valve is used to eliminate waste of drink- 
ing water. This stop and regulating-valve assem- 
bly is normally installed on the water cooler or 
drinking fountain by the manufacturer. 

The waste outlet for a water cooler or a drink- 
ing fountain is a strainer fitting installed in the 
drain opening at the bottom of the fountain 
bowl, which connects to a 1'/5-inch trap. This 
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FLOOR DRAIN CONNECTED TO DRAINAGE SYSTEM 


Figure 10-49. Direct and indirect waste connections for 
drinking fountains. 
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strainer fitting also is usually installed on the 
fixture by the manufacturer. 


| Drinking Fountain and Water Cooler 


Waste Connections 


Plumbing codes usually permit drinking foun- 


.tains and water coolers to connect to the drain- 


age system either directly or indirectly, as illus- 
trated in Figure 10-49. 

A drinking fountain or water cooler that drains 
directly into the drainage system must have a 
1'/4-inch P-trap, and both a 11/4-іпсһ waste pipe 
and a 1'/,-inch vent pipe. 

When a drinking fountain or water cooler 
discharges its wastes indirectly into the drainage 
system (that is, its waste discharges into a floor 
drain or some other receptacle, as shown in 
Figure 10-49), only a 1'/a-inch P-trap and a 
11/4-іпсһ waste pipe are necessary. А vent is not 
usually required. 


SERVICE SINKS 
AND MOP BASINS 


Service sinks and mop basins are fixtures that 
are installed in janitors’ closets and building 
maintenance areas for use by the building main- 
tenance personnel. 

A service sink, also called a s/op sink, is a sink 
with a deep basin to accommodate a scrub pail. 
It is used for the filling and emptying of scrub 
pails, the rinsing of mops, and the disposal of 
cleaning water. Service sinks (Figure 10-50) аге 
normally made of enameled cast iron and are 
supplied with a P-trap standard. 

A mop basin (or mop receptor) is a floor-set 
service sink. Mop basins are somewhat more 
convenient to use because mop pails do not 
have to be lifted in and out of the fixture. Mop 
basins may be made of enameled cast iron 
(Figure 10-51), terrazzo, fiberglass, or even of 
ceramic tile. 

Both service sinks and mop basins are rated at 
3 drainage fixture units of waste discharge and 
require a 2-inch waste pipe and a 17/2-іпсһ vent 
pipe. Although most service sinks and mop ba- 
sins are manufactured with 3-inch waste outlets, 
they are still rated at 3 drainage fixture units o 
waste discharge. i 


Figure 10-50. Enameled cast iron service sink with a P-trap 
standard. (Kohler Co.) 


Water Supply Fitting 


Service sinks and mop basins use a combina- 
tion compression faucet with a hose thread and 
a pail hook on the spout, like the faucets pic- 
tured in Figures 10-50 and 10-51. Since it is 
common practice for the users of these fixtures 
to hang a scrub pail on the faucet spout when 
filling it with water, service sink faucets are often 
supplied with a wall brace (Figure 10-52) to 
support this weight. 

Since all service sink faucets are supplied with 
a hose thread cast onto the spout, they require 
either a built-in vacuum breaker or a hose thread 
vacuum breaker. 


Drain Fittings 


Service sinks of the type pictured in Figure 
10-50 are supplied by the manufacturer with a 
strainer fitting for the waste outlet and a P-trap 
standard. 

Mop basins are supplied with a strainer fitting 
that is normally caulked into a P-trap installed 


Figure 10-51. Enameled cast iron mop basin. (Kohler Co.) 


below the floor. Mop basins that are constructed 
of ceramic tile use a floor drain of the types 
illustrated in Figure 10-45. 

The apprentice is reminded that when a floor 
drain is used for a mop basin drain, it must have 
a regular seal P-trap and a vent. 


Figure 10-52. Service sink faucet with a wall brace. (Kohler 
Co.) 


о WATER SOFTENERS 


One of the most frequent problems encoun- 
tered in water supplies is the condition known as 
"hard water." Hard water is water that contains 
excessive amounts of the minerals calcium and 
magnesium. These minerals are dissolved by 
water as it passes through underground lime- 
stone strata. 


These are some of the objections to hard 


water: 

1. The calcium and magnesium minerals cur- 
dle soaps and some detergents, making them 
hard to lather (hence the term hard water). 

2. Clothes and fabrics clog with soap curd. 
This curd dulls colored fabrics, grays white fab- 
rics, and shortens the fabric's life. 

3. Soap curd tends to stick on a person's skin 
after bathing in hard water, and it leaves a dull 
film on hair. 

4. Dishes, glasses, and silverware are water- 
spotted and eventually may become etched by 
the minerals. 

5. A scum or ring is left in bathtubs, lavatories, 
and sinks. 

6. When hard water is heated, calcium tends 
to precipitate (or drop out) of the water. This 
calcium builds up a scale in pots and pans, water 
heaters, hot water piping, and in hot-water heat- 
ing boilers and radiators, reducing their effi- 
ciency. 

Water hardness is measured in either grains 
per gallon or parts per million (ppm). One grain 
is equal to 0.002 ounces of calcium or magnesi- 
um per U. S. gallon of water. (For comparison, a 
common aspirin tablet contains 5 grains. There- 
fore, water 5 gains hard would contain that 
amount of calcium and/or magnesium dissolved 
in one U.S. gallon of water.) 

One part per million equals 1 pound of calci- 
um or magnesium per 1 million pounds of water. 
One grain per U. S. gallon equals 17.1 parts per 
million. 

Water Softening Process 

To solve the problem of hard water, plumbers 
install an appliance called a water softener. A 
water softener may be defined as an appliance 
that removes dissolved water-hardness minerals 
(calcium and magnesium) from water by the 
process of ion exchange. 
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To understand this process, it is necessary for 
the apprentice to picture how the hardness min- 
erals behave when they are dissolved in water.* 

"When any mineral is dissolved in water, it 
breaks down into two or more components 
known as /ons. These are individual atoms or 
groups of atoms that carry an electrical charge. 
In any solution, the number of positively charged 
ions must equal the number of negatively 
charged ions. Dissolved calcium and magnesi- 
um, the objectionable ingredients in hard water, 
are both positive ions. These are the particles 
that react with soap to form curd and scum. 

The basic procedure for getting rid of them in 
a domestic water supply system is known as /on 
exchange. This is simply a process of swapping 
the "hard" calcium and magnesium ions for 
"soft" sodium ions. 

The steps of the water softening process are 
shown in Figure 10-53. The process takes place 
on the surface of an ion exchange medium, 
called a zeolite. The most common zeolite is a 
synthetic resin bead. 

Zeolites have the property of being able to take 
hardness-causing ions out of solution and to 
replace them with sodium ions. This interaction 
takes place on the granular particles of the 
zeolite in the softener. 

In actual practice, the zeolite is precharged 
with sodium ions. As the hard water flows 
through the softener, the zeolite pulls the calci- 
um and magnesium ions out of solution and 
replaces them with sodium ions. This process 
occurs literally billions of times every second 
when a softener is in use. 

After a while, the surface of the zeolite be- 
comes relatively saturated with the hard ions and 
relatively free of soft sodium ions. As this action 
occurs, the softening process gradually stops, 
and the water emerging from the unit remains 
hard. 

To restore the softener's effectiveness, it must 
be stripped of its hard calcium and magnesium 
ions and then given a new charge of exchange- 


*This description of the water softening process was taken 
from an article published in The Journal of Plumbing, Heat- 
ing and Air Conditioning entitled “Тһе Purification and 
Treatment of Domestic Water Supplies’ by Richard Weikart 
and Allan Stahl. 
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Figure 10-53. What goes on inside a water softener. 


able sodium ions. This process is known as 
regeneration. 

Regeneration (Figure 10-53) is nothing more 
than operating the softener in reverse. A fairly 
concentrated solution of sodium chloride, which 
is ordinary table salt, is run through the zeolite. 
This concentrated solution of sodium chloride is 
called a brine solution. The brine solution, rich in 
sodium ions, forces the calcium and magnesium 
off the zeolite surface and forces the sodium 
ions onto the same surface. The unwanted calci- 
um and magnesium ions, together with the ex- 
cess salt solution, are then flushed down the 
drain. 

The frequency with which a softener must be 
regenerated depends on a number of factors: 
the hardness of the incoming water, the type of 
equipment involved, and the level of water con- 
sumption. 

Automatic Water Softeners 

Automatic water softeners are the most com- 
mon type of water softener installed in homes. 
An automatic water softener is one with a time 
clock control to automate the service (softening) 
and regeneration cycles of the appliance. Home- 
owners prefer them because the only mainte- 


E 


nance they require is the addition of salt to the 
brine tank. 

There are two styles of automatic water soften- 
ers installed by plumbers: the two-tank softener 
(Figure 10-54) which has separate zeolite and 


Figure 10-54. A two-tank automatic water softener. 
(Ecodyne Corporation, the Lindsay Division) 
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Figure 10-55. A self-contained automatic water softener. 
(Ecodyne Corporation, the Lindsay Division) 


brine tanks, and the se/f-contained softener (Fig- 
ure 10-55) in which the zeolite tank is contained 
within the brine tank. There is no difference in 
the operation of these two styles. 

The common features of these two styles of 
automatic water softener, as illustrated in Figure 
10-55, are listed below: 


1. A mineral tank that contains the zeolite. 

2. The zeolite. 

3. A brine tank. Salt stored in the brine tank is 
dissolved in water to make the brine solution. 

4. A brine well containing the brine valve as- 
sembly. Brine is drawn from the brine well by the 
brine valve assembly to regenerate the zeolite. 

5. A multiple port valve, which is used to divert 
the water and brine solutions in and out of the 
mineral tank in proper sequence for service 
(water softening) and regeneration cycles. 

6. A time clock control, which automates the 
operations of the multiple port valve. This con- 
trol is a seven-day time clock that is pro- 
grammed with the number of times per week the 
water softener must be regenerated in order to 
supply an adequate amount of soft water. The 
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regeneration cycle is normally timed to take 
place: between midnight and 5:00 a.m., a time 
when water is not normally being used in a 
home. 


Installation of an Automatic Water Softener 


An automatic water softener is normally piped 
into the water supply system of a home in such a 
way as to provide soft water to all the plumbing 
fixtures and appliances except the outside sill 
cocks and the kitchen sink cold water. Figure 
10-56 illustrates the piping of a typical automatic 
water softener in a home. (See Chapter 12 for a 
detailed description of the installation of the 
hard and soft water piping in a home.) 


SOFT WATER OUT 


Баи 


7 HARD WATER IN 


TO SILLCOCKS & KITCHEN 
SINK COLD WATER 


Ш BYPASS VALVE 


SOFTENER 


Figure 10-56. Piping of a water softener. (Ecodyne Cor- 
poration, the Lindsay Division) 


As illustrated in Figure 10-56, a by-pass is 
provided on the water softener piping so that any 
repairs to the water softener do not require the 
interruption of the water supply to the entire 
household. The by-pass may be either a by-pass 
valve (as pictured in Figure 10-56) or it may be 


SOFT WATER OUT 


| е” WATER ІМ 
THIS VALVE IS 


NORMALLY CLOSED 


THESE VALVES ARE 
NORMALLY OPEN 


Figure 10-57. A water softener by-pass constructed with 
three gate valves and 2 tees. 


constructed with three valves and two tees as 
pictured in Figure 10-57. 

In addition to piping the hard water in and the 
soft water out of the water softener, the plumber 
must provide a valve drain hose. This hose, 
which is extended to a floor drain, carries the 
discharge from the softener during the regene- 
ration cycle. An overflow drain hose must also be 
provided from the brine tank to a floor drain. 


[s] WATER HEATERS 


A water heater is an appliance for heating and 
supplying the hot water used within a building 
for purposes other than space heating. Although 
there are a number of different types of water 
heaters, this text will present only the two most 
commonly installed types—automatic gas and 
electric storage tank water heaters. 

An automatic storage tank water heater— 
whether gas or electric—heats and stores hot 
water at a thermostatically controlled tempera- 
ture for delivery on demand. 


Automatic Gas Storage Tank Water Heater 


An automatic gas storage tank water heater 
utilizes the heat produced by the burning of gas 
(either natural gas or liquid petroleum gas) and 
transfers this heat to the cold water contained 
within the storage tank through the tank bottom 
and flue. 

Figure 10-58 illustrates the components of a 
typical automatic gas storage tank water heater. 

t The jacket and top 
cover form the outer shell of the water heater. 
Both pieces are constructed of steel finished in 
baked enamel. 

Мааша о, To prevent the loss of heat from 
the water contained within the storage tank, a 


layer of in | 


араша! 
orage Tank. The storage tank pictured in 


Figure 10-58 is commonly referred to as a center 
flue-type tank. The design of this type of water 
heater storage tank allows the heated flue gases 
to cover the entire bottom of the tank before they 
enter the vertical flue inside the tank. This flue is 
fitted with a flue baffle to retard the flow of the 
hot combustion gases and so allow maximum 
heat transfer. 

To protect the water heater storage tank from 
the corrosive effects of the hot water it contains, 
the inside surfaces of the tank are covered with a 
glass coating. This coating is fused to the steel 
tank. Water heaters with this glass coating on 
their storage tanks are commonly called g/ass- 
lined. 

The top of the storage tank has three open- 
Ings: 

ipu | This is the opening that is 
connected to the cold water supply pipe. It 
contains the inlet or dip tube. 

pun epi The hot water supply pipe 
is connected to this opening. In this particular 
model of water heater, a magnesium anode rod 
is incorporated into the hot water outlet fitting. 
(An anode rod is a sacrificial rod ich is in- 
| heaters to prevent electrolytic 
deterioration of the water 

li ing. This opening (which is 
not visible in Figure 10-58) is provided in water 


heaters for the installation.of a temperature ang 
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Figure 10-58. Sectional view of an 
storage tank water heater. (A. O. Smith) 


lve. (The purpose of a relief 
valve will be discussed later.) 

The side of the storage tank has two openings, 
one of which accommodates the water heater 
control and the other the tank drain valve. The 
drain valve opening is located as close to the 
tank bottom as possible. 

Dip tube. All water heaters with the cold 
water inlet at the top of the tank have a dip tube 
extending toward the bottom of the tank. The 
Pe of this dip tube is to carry the incoming 
uah h the stored water to the bot- 
tom of Te tank. In this way, the cold water does 
not mix with the hot water and is delivered to the 
bottom of the heater where it can be rapidly 
heated. 

Each dip tube has a small opening, called an 
anti-syphon hole, located near the top end of the 
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tube. This hole prevents the hot water in the tank 
from being syphoned out during an interruption 


in the cold water supply. 
The operation of an 


Thermostatic Control | 
automatic gas storage tank water heater is regu- 
lated by a control that contains a ther | 


sensui element immersed in 


aT hot water tempera 
When rawn from the storage 
tank, it is replaced with cold water. This cools 
the thermostatic sensing element, which then 
turns on the gas to the main burner to heat the 
water. This same thermostat also shuts off the 
gas to the main burner when the temperature of 
the water in the storage tank reaches the select- 
ed temperature. 


HOT WATER OUTLET i. n 


TOP COVER —————————- 


| 


INSULATION ———————» 
i 


HIGH LIMIT CONTROL 


AUTOMATIC THERMOSTAT 


ANODE ROD 


JACKET ------------<- 


IMMERSION ELEMENTS 


AUTOMATIC THERMOSTAT EE 


RELIEF VALVE OPENING 


COLD WATER INLET 


DIP TUBE 


STORAGE TANK 


Figure 10-59. Sectional view of 
storage tank water heater. (А. O. Smith) 


The ipgimastatudllalscsturn.on the gas to the 
main burner if the temper water 


contained within the storage tank cools below 


the selected temperature. 
in The main burner is a device for 


the final conveyance of the fuel gas or a mixture 
of the fuel gas and air to the combustion cham- 
ber, where it is burned to produce heat. 


out, the gas supply to the water heater is auto- 
matically shut off. 

mocouple. The safety pilot also gene- 
өні pm of electricity because its 
flame heats an ingenious device called a thermo- 


couple. A thermocouple is a tiny electric genera- 
tor made of two different metals. joined firmly. 


When these metals are heated, a small electric 
current is generated. Although the electric ener- 


gy is small, it is enough to hold rd 
эшш oos salle реп. If the pilot flame be- 
comes too small, or if it goes out, the thermo- 


couple then does not produce enough electrici- 


ty, and a spring closes the gas valve. Because of 


the gas automatic water heater no 


Automatic Electric Storage Tank Water Heater 


An automatic electric storage tank water heat- 
er utilizes the heat produced by the flow of 
electricity through a resistance wire contained in 
the heating elements, which are immersed in the 
storage tank, to heat the cold water contained in 


the tank. 
Figure 10-59 illustrates the components of a 
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typical automatic electric storage tank water 
heater. The following components of an electric 
storage tank water heater are identicalo those 
shown in Figure 10—58 (the sectional view of a 
gas water heater) and for that reason will not be 
described in detail: 


| 


water outlet) 


«Storage tank. Тһе electric water heater stor- 


age tank (see Figure 10-59), like the gas heater's 


storage tank, is glass-lined for protection from - 


the corrosive effects of hot water. 


An electric water heater's storage tank also - 


has openings at the top for the cold water inlet, 
hot water outlet, and relief valve opening. The 
side of an electric water heater's storage tank 
has openings for the immersion elements and 
the tank drain valve. 


dmmersion Elements. Immersion heating el- 


ements are electric heating elements that have 
the element exposed to the water for fast, effi- 
cient heat transfer. 

Note: It is important that electric water heat- 
ers befi whenever the heating 
elements are operated. This is because "dry. 
| | , as 
there is no water to carry the heat away from the 
element. 

Each immersion element has an automatic 
thermostat. 

Automatic Thermostat. The water heater 
thermostat is the primary device that starts and 
stops the flow of electricity to the heating ele- 
ments. It may be adjusted to give the desired hot 
water temperature. The thermostat in this heater 
senses the outside surface temperature of the 
storage tank. Some other types of electric water 
heaters use a thermostat that has a remote 
sensing bulb located in an immersion well in the 
element flange so that it is exposed to the water. 
Either type of thermostat will effectively control 
the water temperature. 

„Өй Limit Conto! All electric water heaters 
have a high limit control. The purpose of this 


control is to stop the flow of electricity to the 
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«peratures cause efective thermostat or 


heating element circuit in which it is wired. This 
is done when the tank surface adjacent to the 
device reaches a predetermined temperature. 


grounded water heating element. 


Relief Valves 


A storage tank water heater is a potentially 
dangerous plumbing appliance if either high 
temperature or high pressure develops within 
the storage tank. 

High temperature develops in a water heater 
storage tank because of a failure of the water 
heater controls. If the controls fail to turn off the 
heat source, the water in the storage tank will be 
heated past the selected temperature. 

In an open container (at sea level), water boils 
and turns to steam (vaporizes) at 212°F (100°C). 
Under pressure, the boiling temperature of water 
increases as shown below: ` 


Gauge pressure (psi) Temperature °F 


0 212 
30 2/4 
60 307 
90 331 


Since the water contained within the water heat- 
er storage tank is normally under pressure, it can 
be heated to a very high temperature, or super- 
heated. (Superheated water is water that is heat- 
ed above its boiling point without vaporization.) 
Superheated water is still a liquid, but if the 
pressure is reduced, some of the water will flash 
to steam to establish the temperature-pressure 
relationship shown in the table above. 

The pressure within the water heater storage 
tank can be reduced in this way if someone uses 
a hot water plumbing fixture. Superheated water 
would come out of the plumbing fixture supply 
valve and, on being released in the atmosphere, 
this water would immediately flash to steam. It 
would expand to approximately 1,700 times its 
original volume. This escaping steam might dam- 
age the plumbing fixture and/or injure the user. 
If the bottom of the water heater storage tank 
were to rupture while it contained superheated 
water, the tank could explode. In fact, there are 


cases on record in which water heater explo- 
sions have sent the heater through the roof of 
the home! 

High pressures can develop within a water 
heater storage tank from high water service 
pressure, water hammer, or thermal expansion.* 

High water service pressure can be eliminated 
as a problem by the installation of a pressure- 
reducing valve on the water service (see Figure 
3-24). 

Water hammer is simply the banging noise in 
pipes caused by a quick-closing valve. A mo- 
mentary pressure rise is created, and the effect is 
transmitted to all parts of the water supply sys- 
tem. Water hammer can be controlled by the 
installation of a water hammer arrestor of the 
type illustrated in Figure 10-60 on the supply 
pipe near the fixture with the quick-closing 
valve. 


SPRING 


WATER 


Figure 10-60. Water hammer arrestor. (A. O. Smith) 


Thermal expansion, or heat expansion, is 
caused by the fact that when water is heated, it 
expands about 27/2 percent in volume for every 
100°F of temperature rise. If, for some reason, 
the hot water cannot expand within the water 
supply system, such an increase in pressure 
within the system could cause damage. 


*A.O. Smith, "Residential Gas Water Heater Service Manual." 


DIAPHRAGM 


Of the two conditions just described—high 
temperature and high pressure—high tempera- 
ture is by far the more dangerous in a water 
heater. If a water heater storage tank ruptures 
from high pressure, a stream of water will pour 
from the tank until the pressure is relieved. 
However, if the tank ruptures from high tempera- 
ture, it may go through the roof of the building. 


Figure 10-61 illustrates a typical temperature 
and pressure relief valve. 
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Figure 10-61. A temperature and pressure relief valve. 
(Watts Regulator Co.) 
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Pressure and temperature relief valves are 
selected on the basis of temperature, pressure, 
and relief capacity: " 

Temper The temperature relief portion 
Рта а open before the water tempera- 
ture reaches the atmospheric boiling point. Nor- 


mally this means that the relief valve is set to. 


Pres The pressure relief portion of the 
be en before the pressure within 
the system exceeds the working pressure of the 
lowest pressure-rated component in the system. 


Most relief valves are set to open at a minimum. 
of 125 psi. 


Relie ] The valve must be able to 


relieve high temperature water аға rate equal to. 


.. ог greater than the ability of the water heater 


to сере аы Р 
n addition, a temperature and pressure relief 


valve (see Figure 10-61) must have the following 
features: 

1. Aname plate or label showing this informa- 
tion: 

The valve is approved by the AGA (American 
Gas Association) or the ASME (American 
Society of Mechanical Engineers). 

The temperature setting of the valve. 

The pressure setting of the valve. 

Its relief capacity. 

2. A test lever. 

3. 3/,-inch minimum size inlet and outlet. 

4. Automatic self-closing (function of the 
spring shown in Figure 10-61). 

5. An extension thermostat installed with the 


of hot water in the storage tank. This may be 
either in a tank tapping or in the hot water outlet. 


valve. Failure to install a relief valve drain pipe 
could expose the building occupants to hazardous 
hot water and/or steam discharge if the relief valve 
should open. 

It is helpful for the apprentice to know that 
when the temperature relief function of a T and P 
relief valve is operating, a large volume of water 
escapes from the valve drain piping. On the 
other hand, the pressure relief function is char- 


240 = Plumbing—Installation and Design 


acterized by water dripping from the valve drain 
pipe. 


[®] INSTALLATION OF 
PLUMBING FIXTURES 
AND APPLIANCES 


The plumber must take extra care to install the 
plumbing fixtures and appliances properly be- 
cause the customer will judge the quality of 
workmanship of the entire plumbing installation 
by its appearance, as this is the only part of the 
plumbing installation that is seen. 

The proper installation of plumbing fixtures 
and appliances takes place in two steps or phas- 
es: rough-in and finishing. 

Rough-in (also called roughing-in or rough 
plumbing) is the installation of all parts of the 
plumbing system that can be completed prior to 
the installation of the fixtures. This includes the 
installation of: | 


1. The drainage piping. 

2. The vent piping. 

3. The water supply piping. 

4. Any necessary fixture supports. 

Plumbing fixture manufacturers provide a 
rough-in drawing for each plumbing fixture and 
appliance as an aid to the plumber. With this 
drawing, the waste vent and water supply piping 
is properly installed so that they fit the fixture or 
appliance when it is installed. These rough-in draw- 
ings show the physical dimensions of each fixture 
or appliance as well as the dimensions for the 
waste and water supply pipes and any necessary 
fixture supports (or backing). 

Finishing is the term applied to the actual 
installation or setting of the plumbing fixtures 
and appliances. Plumbing fixtures and applianc- 
es are installed after the rooms in which they are 
to be installed have been decorated and are 
ready to be occupied. (The bathtub, shower 
base, and fiberglass tub enclosures and fiber- 
glass shower baths, because they are built-in 
fixtures, are exceptions to this rule.) 

Each type of plumbing fixture and appliance 
has its own peculiar installation procedure. 
However, the following steps generally apply to 
the installation of all plumbing fixtures and ap- 
pliances (although not necessarily in the order _ 
given below): 


1. Uncrate and inspect the fixture and its trim 
for damage and/or defects. 

2. Check the measurements for the waste 
and water supply piping with the rough-in draw- 
ing for the fixture. 

3. Attach the fixture wall or floor supports. 
Attach the fixture trim (if necessary). 

. Hang or set the fixture. 
lign, level, and/or plumb the fixture. 
. Secure the fixture fasteners. 

8. Connect the water supply and waste pip- 
ing to the fixture. 

9. Purge the water supply piping to relieve 
any air and remove any dirt in the piping so that 
it will not affect the operation of the fixture. 

10. Test the water supply and waste connec- 
tions. 


Moos 


11. Caulk or grout the fixture where it meets 
the wall and/or floor to make a watertight con- 
nection that will prevent the accumulation of dirt 
and make the fixture easier to clean. 

12. Clean and inspect the fixture. 

It should be emphasized that plumbing fix- 
tures must be handled carefully by the plumber. 
They do not stand abuse, and any roughness on 
the part of the plumber usually results in break- 
age. (This caution should also be heeded by the 
users of the fixtures.) The materials used to 
manufacture plumbing fixtures, although they 
are durable, are on a par with those in fine 
chinaware and should be treated with care. It is 
unwise to use scratchy, gritty soaps for cleaning 
purposes or harsh chemical compounds for the 
removal of accumulated dirt and scale. 
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[s] REVIEW QUESTIONS 


1. Define: a plumbing fixture; a plumbing ap- 
pliance. 

2. Name at least five materials of which 
plumbing fixtures are made. 

3. Explain the flushing action of a syphon jet 
water closet and the action of a flush tank 
mechanism. 

4. How does a flushometer valve operate? 

5. What is the standard size drain connection 
for a water closet? What is the size of the vent? 

6. How does a single-handle or port control 
faucet function? 

7. Describe two ways a double kitchen sink 
may be trapped. What size pipe is required for 
each kind of trap connection? 

8. Name the two ways to connect the waste of 


a dishwasher to the drainage piping described in 
this chapter. 


9. Which plumbing fixture does not require a 
vent? 


10. What is an indirect waste? With what fix- 
tures may it be used? With what fixtures is it 
required? 

11. Give five sanitary requirements for a drink- 
ing fountain. 


12. Explain the water softening process called 
ion exchange. 


13. Diagram the parts of an automatic storage 
tank hot water heater, either gas or electric. 

14. List at least 10 important steps in setting, 
connecting, and testing plumbing fixtures. 
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CHAPTER | j 


T esting ancl 


Inspecting the 
Plumbing System 


The plumbing system must be subjected to 
adequate tests and inspections in a manner that 
will disclose all leaks and defects in the work or 
the material. It should also be noted that the 
testing and inspection of the plumbing system is 
a requirement of all plumbing codes. 


Testing the Plumbing System 


The practice of testing the plumbing system 
assures the building owner of a safe, leak-free, 
plumbing system, and, to a large degree, certi- 
fies the plumber's installation. To permit any 
concealed pipe (whether it be drainage, vent, or 
water supply pipe) to be enclosed in the building 
partitions or buried in a trench without the 
formality of testing it is too great a risk for the 
plumber to assume. Without complete testing, 
faulty workmanship (which is sometimes un- 
avoidable) and defects in materials will become 
apparent only after the plumbing system is put 
into operation and the building is occupied. 
Your employer—the plumbing contractor—is the 
person who will be held responsible, regardless 


of whether the defect is in materials or workman- 
ship, and your employer may be held liable for any 
damage. 


Inspection of the Plumbing Systems 


Not only must the plumbing systems be tested, 
but an inspection by some person of authority 
who is familiar with plumbing practices is essen- 
tial. The individual best suited for this responsi- 
bility is one who has had previous plumbing 
installation experience and who possesses com- 
plete knowledge of the principles involved in 
plumbing systems. Often the responsibility of 
inspection is placed in the hands of building 
inspectors— people whose knowledge of building 
crafts is general rather than specific. These people, 
when inspecting a plumbing installation, look for 
leaks and other obvious faults, but do not always 
recognize improperly installed piping. Neither 
the plumbing contractor nor the building owner 
is properly served by an inspection of this type. 

Most states have plumbing departments di- 
rected by competent plumbers who are respon- 
sible for sanitation standards. Field persons, called 
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plumbing inspectors, are responsible for desig- 
nated territories, and their duty is to make in- 
spections and offer installation advice in their 
territory. Larger cities often employ a staff of 
full-time plumbing inspectors, and it appears 
that this practice is a most efficient one. 
Hopefully, a universal plumbing code speci- 


fying minimum standard practices will be estab- ' 


lished soon, with each state adopting the code 
and adding to it whatever regulations would.be 
necessary to cover existing local conditions. 
Based on this plumbing code, each state could 
then develop a policy of inspection of plumbing 
installations to be carried out under local super- 
vision. 


Order of Tests and Inspections 


To protect both the building owner and the 
plumbing contractor from the hazards of faulty 


Figure 11-1. Hand pump for applying air test to sanitary 
drainage and vent piping. 
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workmanship and defective materials and to 
certify that the installation meets the require- 
ments of the plumbing code, all parts of the 
plumbing system must be tested and inspected. 
Normally, this means that the following plumb- 
ing systems would be tested and inspected as 
they are installed: 

1. The building sewer. 

The water service. 

The sanitary drainage and vent pipe system. 
The storm drainage system. 

The potable water supply and distribution 
system. 

6. The plumbing fixture installation. 

Several of the above systems may be tested 
and inspected at the same time (such as the 
building sewer and the building water service) 
when they lie in the same trench. On the other 
hand, on larger plumbing installations some of 
the systems may be tested in sections and never 
as a whole unit. This is particularly true of the 
sanitary drainage and vent piping in multistory 
buildings or in buildings that cover a large area. 

Note: Some meihods of testing plumbing sys- 
tems can be hazardous if not properly performed. 
Always follow the safety precautions recommend- 
ed by the test equipment manufacturer before con- 
ducting any test. 


Ер 


[e] PLUMBING SYSTEM TESTS 


~ Air Test of Sanitary Drainage 
_ апа Vent Piping - 


The air test of sanitary drainage and vent 
piping is made by attaching an air compressor to 
any suitable opening and closing all other inlets 
and outlets to the system with the appropriate 
pipe cap or plug, or with testing plugs. Air is then 
forced into the system until it reaches a uniform 
pressure | 


System- (or portion thereof) being tested. The 


pressure must remain constant for 15 minutes 


without the addition of more compressed air. 

To apply an air test to a sanitary drainage and 
vent piping system, the plumber will need the 
following items: 

1. An air compressor. 

2. Materials to close all inlets and outlets of 

the system. 
3. A test gauge assembly. 
4. A soap solution to check for leaks. 


Air Compressor. Тһе source of compressed 
air for testing sanitary drainage and vent piping 
on an installation such as a single-family dwell- 
ing may be either a hand pump (Figure 11-1) ora 
small air compressor (Figure 11-2). To test larger 
installations, a large gasoline motor-driven com- 
pressor of the type shown in Figure 11-3 will be 
required. In addition to the air compressor, the 
plumber will need enough air hose to pipe the 
compressed air from the compressor to the test 
opening. 

Pipe Caps and Plugs. To contain the com- 
pressed air within the sanitary drainage and vent 
pipe system, all the openings must be closed. 
Where possible, this is done with the appropriate 
pipe cap or plug. For example, to close iron pipe 
(threaded) openings, iron pipe caps and plugs 
are used; to close copper tubing openings, sol- 
dered caps are used; to close plastic pipe open- 
ings, plastic caps and plugs are used; etc. 

It is the usual procedure to close the tees left 
for the drains for wall-hung or counter-set sinks 
and lavatories with a nipple and cap that extends 
past the finished wall line. This prevents the 


Figure 11-2. Small air compressor. (ITT Pneumotive) 


drain opening from being covered over when the 
rough wall is enclosed. 

Some of the openings in the 
sanitary drainage and vent system cannot be 
sealed with a pipe cap or plug. These openings 
are sealed with either a mechanical or inflatable 
rubber test plug, as illustrated in Figures 11-4, 
11-5, and 11-6. 


Figure 11-3. Gasoline motor driven air compressor. 
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Figure 11-4. Mechanical test plug. 


The mechanical test plug (Figure 11-4) con- 
sists of a capped stem of '/2-inch pipe, equipped 
with a running thread. The pipe is provided with 
two flanges, the lower one of which is stationary. 
The top flange is moved up or down by a large 
wing nut and cast iron body. A heavy rubber 
spreader placed between the flanges completes 
the test plug. The rubber portion of the plug may 


E 


Figure 11-5. Bent or angle mechanical test plug inserted in a 
cleanout tee. 


be inserted into the inside diameter of the pipe 
and expanded by turning the wing nut to the 
right. Where more than a few pounds of pressure 
exist, it often becomes necessary to wire or 
block the plug to prevent it from being blown out 
of the opening. The test tee must be sealed in 
similar fashion, except that a bent or angle test 
plug is used, as shown in Figure 11-5. 


Figure 11-6. Inflatable rubber test plugs and a tire pump for 
inflating them. (Cherne Industrial, Inc.) 
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Figure 11-7. Long inflatable rubber test plug being used to seal the building 


drain at the front main cleanout opening. 


Inflatable rubber test plugs are shown in Fig- 
ure 11-6. These test plugs are inserted into the 
opening and inflated with a tire pump, which is 
also illustrated in Figure 11-6. Figure 11-7 shows 
a long rubber test plug being used to seal the 
building drain at the front main cleanout open- 
ing. Figure 11-8 pictures a test tee blocked with a 
short rubber test plug, while Figure 11-9 illus- 
trates the use of a short rubber test plug to seal a 
closet bend opening. 


Plaster of Paris. Another method commonly 
used to seal closet bend openings and floor 
drains is plaster of Paris. A piece of shaped 
cardboard or a wad of oakum tied with a wire is 
pushed into the opening. Approximately 1 inch of 
plaster of Paris, which is mixed with water to a 
pouring consistency, is then poured over the card- 
board or oakum and allowed to harden. 


Plaster of Paris can also be used to seal roof 
vent terminals, but this practice is prohibited by 
some plumbing codes because plumbers some- 
times neglect to remove it. If the vent terminal is 
left sealed, it naturally destroys the effectiveness 
of the entire vent system. 


However, plaster of Paris is a very effective 
sealant for the previously mentioned closet 
bends and floor drains because it can be left in 
these openings until the building is ready to be 
occupied and the fixtures set. While these open- 
ings are thus sealed, they are protected from 


(Cherne Industrial, Inc.) 
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Figure 11-8. Test tee blocked with а short rubber test plug. 
(Cherne Industrial, Inc.) 
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Figure 11-9. Closet bend opening sealed with-a short rubber 
test plug. (Cherne Industrial, Inc.) 


Testing and Inspecting the Plumbing System 247 


Figure 11-10. Test gauge assembly inserted in a cleanout 
tee. 


having dirt, cement, and other debris dropped or 
pushed into them. 

Test Gauge Assembly. А test gauge assem- 
bly is necessary to indicate to the plumber (and 
the plumbing inspector) that the system does 
indeed contain 5 pounds per square inch of air 
pressure and that it is holding this pressure. A 
common test gauge assembly inserted in a 
cleanout tee is pictured in Figure 11-10. Test 
gauge assemblies are usually adapted to a 
cleanout tee or a drain opening for a sink or 
lavatory. The test gauge assembly is also the 
opening through which the compressed air is 
admitted into the system. 

Soap Solution. То finds leaks in the sanitary 
drainage and vent piping when an air test is 
being applied usually requires the use of a soapy 
water solution. A soapy water solution is made 
by mixing common household liquid dishwash- 
ing detergent with water in a small container. 
The soapy water solution is then brushed on the 
joints with a small paint brush. This mixture will 
bubble quite vigorously if the pipe joint leaks. 
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Water Test of Sanitary Drainage 
and Vent Piping 

The water test may be applied to the sanitary 
drainage and vent piping system either in its 
entirety or in sections. If the test is applied to the 
entire system, all openings in the piping must be 
tightly closed, except the highest vent opening 
above the roof. The system is then filled with 
water to the point of overflow above the roof. 

If the water test is applied to the system in 
sections, each opening must be tightly closed, 
except the highest opening of the section being 
tested. However, no section should be tested 
with less than a 10-foot head of water (which is 
equivalent to 4.34 psi of air pressure). 

In testing successive sections, at least the 
upper 10 feet of the preceding section must 
be retested so that no joint or pipe in the build- 
ing will have been tested with less than a 10-foot 
head of water (except the uppermost 10 feet of 
the building piping). 

The system, or portion of it under test, must be 
able to hold the 10-foot head of water pressure 
for 15 minutes without the addition of water. 

Water Test Procedure. The procedure fol- 
lowed for a water test of the sanitary drainage 
and vent piping system is as follows: 

1. Plug all openings, except the highest vent 
openings, as discussed previously for an air test. 

2. Fill the system with water, either through 
the highest opening or by admitting water 
through a valve and hose connection placed in 
one of the fixture drain openings. 

3. Check for water leaks, and if found, repair. 

In tall buildings, the sanitary drainage and vent 
system is usually tested in sections because of 
the tremendous pressure that would be pro- 
duced by the extreme height of the water column 
if the entire height of the pipe were to be filled 
with water. Remember, every 1 foot of head of 
water equals 0.434 psi of pressure; a 100-foot 
head would equal 43.4 psi of pressure. For this 
reason, it is usually not advisable to test more 
than five floors of piping at one time. 

On completion of the water test, the water 
must be removed from the system. In homes or 
small buildings, this does not present much of a 
problem. The air is simply released from the 
inflatable rubber test plug placed in the front ` 


Figure 11-11. Water removal plate. (Cherne Industrial, Inc.) 


main cleanout, allowing the water to drain into 
the building sewer. 

However, in tall buildings that are tested in 
sections by inserting an inflatable rubber test 
plug into a test tee, a large quantity of water will 
splash out of the test tee when the air is released 
from the plug. There is also a danger of losing 
the test plug down the pipe because it will tend 
to wash with the water rushing down the pipe. 

To avoid this difficulty, a water removal plate 
of the type illustrated in Figure 11-11 is used to 
seal the test tee opening, as shown in Figure 
11-12. This water removal plate is designed so 
that when it is attached to the test tee, the air 
may be released from the test plug through the 
front of the plate. When the air is released, the 
plug will drop onto the rod extended from the 
water removal plate and be caught, as illustrated 
in Figure 11-13. 

The water test just described is preferred by 
many plumbers because it is very easy to find 
leaky joints and defects in the piping—there is 
water at the leak to indicate it. However, the 
water test cannot be used in colder climates 
during the months when the temperature could 
drop below freezing for fear of the water freezing 
in the pipes and bursting them. In cold weather 
conditions, an air test will have to be used. 
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Figure 11-12. Small inflatable rubber test plug inserted in a 
test tee in a stack for a water test with a water removal plate 
installed. (Cherne Industrial, Inc.) 
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Figure 11-13. Use of a water removal plate to prevent spill- 
age of water when removing water from a stack at the end of 
a water test. (Cherne Industrial, Inc.) 
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Storm drainage piping located within the 
building (the building storm drain and rainwater 


leader) should be tested with M. rre 
air test or a water test of the type mentioned for 


sanitary drainage and vent piping. Exterior rain- 


water leaders that do not connect to the storm. 


sewer system are not required by plumbing 
codes to be tested. 


Tests of the Building Sewer _ 


Plumbing code requirements for a test of the 
building sewer (either sanitary sewer or storm 
sewer) can vary from a visual inspection of the 
pipe after it is installed in the trench, to a 

, to a water test with 10 feet of 
head pressure, or to a flow test of the sewer. 

Air and water tests are applied to building sewer 
piping in much the same manner as these tests are 
conducted on other drainage piping. To provide an 
opening for a test ball, the plumber installs a test 
tee at the connection of the building sewer to the 
sewer main. This test tee is plugged on completion 
of the test and left in the line. To obtain the neces- 
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Figure 11-14. An ultrasonic testing device may be used to 
conduct tests on the building sewer. (Ansonics, Inc.) 
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PUMP DISCHARGE 


sary 10 feet of head pressure for a water test on 
a building sewer, a 10 foot length of pipe would be 
set into the front main cleanout opening and filled 
with water. 

A flow test of a building sewer is conducted by 
running a large volume of water through the pipe 
to see that it flows freely into the sewer main 
without leakage. 


An air test of water supply and distribution 
piping is administered in much the same manner 
as an air test on sanitary drainage and vent 
piping. The three differences between an air test 
on water pipe and an air test on drainage piping 
are: | 

1. The pressure at which the water supply 
system is tested is quite a bit larger. Water 
supply and distribution piping is ed 


e test period is usually 12 to 24 hours. 


TO SYSTEM 


BEING TESTED CONTAINER OF WATER 


Figure 11-15. A hydrostatic test pump is used to force ad- 


ditional water into the pipes when conducting a hydrostatic test _ 
of the water supply piping. (Crane Co.-Deming Pumps) 


PUMP SUCTION FROM A 


3. Since the pressure and time of test are 
greater than for air tests of drainage piping, the 


and the appropriate pipe 
caps and plugs. It is advisable to seal the test 
gauge assembly with a pipe cap or plug and remove 
the valve handle to prevent tampering with the test 
results if the test must be left on the system 
overnight. 

Leaks in water supply and distribution pipe may 
be located with either a soap solution as described 
in the section on testing sanitary drainage and vent 
piping or with an ultrasonic testing device of the 
type pictured in Figure 11-14. 

Ultrasonic Leak Detection. Since the leaks in 
water supply and distribution piping are usually 
small, they are not always easy to locate with a 
soap solution. For this reason plumbers often use 
an ultrasonic tester like the one shown in Figure 
11-14. 

An ultrasonic tester is a sensitive microphone 
probe and amplifier which operates in the ultra- 
sonic range of 35,000 to 45,000 cycles per second. 
This range is the frequency at which air under 
pressure generates sound as it escapes from leak- 
ing pipes. These frequencies are picked up by the 
microphone probe and converted by the amplifier 
into frequencies that can be heard by the person 
applying the test. 

To use an ultrasonic tester of this type, the 
plumber puts on the headphones, turns on the am- 
plifier, and passes the microphone probe down the 
pipe lines being tested. Ultrasonic testers are very 
sensitive to the sounds generated by air leaking 
from pipes and the plumber will usually hear an 
amplified sound upon entering the room in which 
the pipes are leaking. This sound will become 
louder as the test probe gets closer to the leak. 


Hydrostatic Test of Water Supply 
and Distribution Piping 


A hydrostatic test is a test in which the pipe 
being tested is filled with water and then submit- 
ted to additional water pressure. A hydrostatic 
test is the common test for water main and water 
service piping. 

The procedure for applying a hydrostatic test 
is to fill the pipe(s) being tested completely with 
potable water (after sealing all openings) and 
then to force additional water into the pipe(s) 


with a hydrostatic test pump of the type pictured 
in Figure 11-15. This pump has suction and dis- 
charge ends with check valves on each end to 
prevent the water pressure from forcing water 
back through the pump. 

To test with a hydrostatic test pump, with 
hoses: (1) extend the suction end of the pump to 
a container of potable water, and (2) connect the 
discharge end to a test gauge assembly that is 
connected to the system being tested. 

The pump handle is then stroked to force 
enough extra water into the system to raise the 
pressure within the system to the pressure re- 
quired for the test. This usually does not involve 
the introduction of very much additional water, 
since water is practically incompressible. For 
example, the addition of only one-half cup of 
water forced into a piping system containing 30 
gallons of water will raise the pressure from O to 
50 pounds per square inch. 

The key to a successful hydrostatic test is to 
eliminate all pockets of air within the system by 
complete flushing of the pipes with water. If the 
system contains air pockets, the water forced 
into the system will compress the air pockets 
rather than the water, and the test gauge pres- 
sure will not hold steady. If there are air pockets, 
just keep flushing. 


. Finished Plumbing Test. 


The finished plumbing test, which is some- 


times called a“final air test, is а test of the 


One plumbing code* describes the finished 
plumbing test as follows: 

After all the plumbing fixtures have been set 
and thei , their connec- 
tions shall be tested and proven (sewer) gas and 
water tight by plugging the stack openings on 
the roof and the building drain where it leaves 
the building, a i 


This pressure shall remain constant for the peri- 
od of the inspection or = without 
the introduction of additio Ir. 

The testing apparatus used to check the pres- 
sure for a finished plumbing test is a manometer. 
A manometer is a U-shaped, clear plastic tube 


*Minnesota Plumbing Code. 
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with a section of ruler in the middle, as illustrated 
in Figure 11-16. 

The procedure for applying a finished plumb- 
ing test is as follows: 

1. Fill all fixture and floor drain traps with 
water. 

2. Plug all stack openings on the roof. 


3. Plug the building drain at the front main ` 


cleanout. | 

4. Insert the manometer hose through the trap 
seal of a water closet bowl and blow any water 
out of this hose. 

5. Attach the hose to the manometer, which 
has been previously filled with water to the “0” 
marks on the ruler. Set the manometer up 


on the open closet seal to rest. 
6. With another hose inserted through the trap 


of the water closet, blow air into the system until 
a 1-inch differential of pressure can be read and 
maintained on the manometer, as illustrated in 
Figure 11-16. 

If the finished plumbing test just described 
does not hold the required pressure of 1 inch of 
water column, the leaks must be found and 
fixed. Leaks in the finished plumbing system can 
be located with either freon gas, smoke, or oil of 
peppermint. 
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Figure 11-16. A manometer is used to conduct a final air test. 
A pressure difference equal to a 1-inch water column should be 
supplied and maintained. 


Freon Gas Leak Detection. One method of 
locating leaks in the finished plumbing is with 
freon gas (Figure 11-17) and a halide torch 
(Figure 11-17) equipped with a snifter hose. 
Freon is introduced into the finished plumbing 
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Figure 11-17. Freon gas is introduced into the plumbing system 
through a charging hose (left), then leaks are detected using a 
halide torch (right). 


system through the water closet trap. Any freon 
gas that seeps out from a leak is detected be- 
cause the flame on the halide torch will turn 
green. The following procedure is used to apply 
a freon leak detection test: 

1. Repeat steps 1 to 5 of the previously de- 
scribed "Finished Plumbing Test”. 

2. Attach a freon charging hose to a can of 
freon gas. 

3. Insert the charging hose from the freon can 
through the trap seal of the water closet bowl, 
making sure that the hose passes completely 
through the trap. 

4. Open the freon valve on the freon can to 
introduce freon gas into the plumbing system 
until a pressure differential of 1 inch of water col- 
umn is indicáted on the manometer. 

5. Light the halide torch and allow the halide 
detector head to warm up until the head is a dull 
red color. 

6. Pass the snifter hose around the fixtures 
and their connections to the drainage system. 
While doing this, watch the flame on the detector 
head carefully because any freon leaking out of 
the system will be drawn up the snifter hose to 
the flame and cause it to burn green. The first 
places to check for leaks are at water closet 
connections to the floor (or wall) and around the 
flushing rim of water closets (and urinals) be- 
cause most leaks are found in these two loca- 
tions (Figure 11-18). 


Figure 11-18. Checking for leaks with a halide torch. Left: At the water 
closet connection to floor; Right: At the water closet flush rim. 


7. Fix all leaks found with the above method 
and reapply the test. (Water closets and urinals 
with leaks in the flushing rim will have to be 
replaced and sent back to the manufacturer, as 
this defect cannot be repaired.) 

Smoke Leak Detection. А smoke test is con- 
ducted by filling the fixture traps with water, 
plugging the building drain at the front main 
cleanout, and introducing an odorous, thick 
smoke into the system. Smoke is produced by 
a smoke chamber. When smoke appears at the 
stack opening(s) in the roof, it is closed and a 
pressure of 1 inch of water column is built up and 
maintained within the system for 15 minutes. 

To introduce smoke into the plumbing system, 
a plumber may construct a smoke chamber from 
pipe and fittings such as the one illustrated in 
Figure 11-19. The smoke cartridge is inserted into 
the pipe chamber, ignited, and the chamber closed. 
Compressed air is then blown through the chamber 
to spread smoke throughout the piping system and 
out any leaks. : 


Since the plumber using the smoke test must 
locate any leaks by smell, the smoke odor must not 
be on the plumber's clothes. Therefore, the smoke 
chamber should be located either outside of the 
building or in a room with no plumbing fixtures. It 
should be operated by a plumber not involved in 
finding the leaks. 
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Figure 11-19. Asmoke chamber is used to introduce smoke 
from a cartridge into the plumbing system. 
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Peppermint Leak Detection. When the pep- 
permint test is used, the fixture traps are filled 
with water and the building drain plugged at the 
front main cleanout. Two ounces of oil of pep- 
permint are then poured into each stack and the 
building drain. After closing these openings, air 


is applied to the system to a pressure of 1 inch of. 


water column. The plumber must smell the pepper- 
mint to locate leaks. 

When using this test, none of the oil of pepper- 
mint can be spilled on the plumber's body or 
clothing because this smell will be with the 
plumber. It is best to have someone add the oil of 
peppermint to the system and then have this per- 
son leave the building. 

Of the three leak detection methods just de- 
scribed (freon, smoke, and oil of peppermint), 
the freon test is probably the best for locating 
leaks in finished plumbing. 

Some notes of caution are necessary when 
applying a finished plumbing test: 


1. In all of the leak detection methods de- 
scribed, as well as the original test, the systems 
were pressurized to 1 inch of water column. The 
reason for this pressure limitation is that some 
plumbing fixture traps contain only 2 inches of 
water seal and any pressure exceeding the depth 
of water seal of the shallowest trap in the system 
will blow this trap. 


2. During the period of the finished plumbing 
test, no large volumes of water can be added to 
the system quickly without blowing some fixture 
traps. Іп particular, no water closets or urinals 
may be flushed. For this reason, this plumbing 
test should be done at a time when no other 
tradespeople but plumbers are working in the 
building. If it is not possible to work in the build- 
ing alone, the plumbers should turn off all flush- 
ometer valves and empty all water closet flush 
tanks during the period of the test to prevent the 
flushing of these fixtures. 


3. If the period of the test is to cover more than 
one day, the test plug in the front main cleanout 
opening will have to be removed. When remov- 
ing this plug, it is advisable to first remove the 
plug(s) from the roof vent openings. Since there 
Will usually be some water in the building drain, 
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this water when released will syphon trap seals if 
there is no other vent, and any trap seal syphoned 
will naturally have to be found and refilled. 


~ 


о HOW TO APPLY 
A PLUMBING TEST 


Since the testing of plumbing systems is a very 
important part of the plumber's work, the ap- 
prentice should become acquainted with the 
procedure that is followed for all plumbing tests. 

However, before presenting the plumbing test 
procedure, the apprentice should be made 
aware of two basic requirements of all plumbing 
codes concerning the testing and inspection of 
plumbing systems. The first requirement is that 
the plumbing contractor must furnish the equip- 
ment, material, power, and labor necessary for 
each test and inspection. The second require- 
ment is that no work may be covered (either with 
dirt or enclosed in a wall or ceiling) until it has 
been tested and inspected. In fact, the plumbing 
inspector will usually require any untested pip- 
ing that is concealed to be uncovered. 

The procedure for all plumbing tests follows 
the eight points listed below: 


. Assemble the testing apparatus. 

. Seal all openings. 

. Apply the test. 

. Check for leaks. 

. Fix defects. 

Call for an inspection and test. 

. Assist the inspector at time of test. 

. Remove testing apparatus on completion of 
test and inspection. 
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Assemble Testing Apparatus. Since all 
plumbing tests involve subjecting the plumbing 
system being tested to pressure, first check to 
see that you have the proper test plugs, pipe. 
caps, and/or plugs to seal all openings so that 


the pressure will be contained within the system 
being tested. 

Next, see that you have the proper equipment 
to apply pressure. This may be in the form of an 
air compressor for an air test, or it may be a 
supply of potable water to fill the pipe for a 
hydrostatic test. In addition to a source of pres- 
sure, the plumber will need the proper hose to 
get the compressed air or water from the source 
to the system. 

A method of checking the pressure being 
applied to the system is also needed. This may 
be either in the form of a test gauge assembly or 
a manometer. 

Finally, you will need to have some method of 
checking for leaks in the system, if an air test is 
being applied. A container of soapy water and a 
small paint brush will be required for air tests. A 
manometer, freon gas and a halide torch, or smoke 
chamber, or oil of peppermint will be necessary for 
final air tests. (In a water test, the leaks will natural- 
ly be quite easily noticed by water at the point of 
leakage.) 

Seal All Openings. Since plumbing tests are 
pressure tests, the pressure must be contained 
within the system. This involves closing all open- 
ings with either the proper pipe cap or plug, a 
test plug, or plaster of Paris. In a final air test, 
filling all the traps with the proper amount of 
water will seal the trap. 

Apply Test. Atthis point in the testing proce- 
dure, the plumber simply follows the appropriate 
testing method for the type of test being applied 
to the system, as detailed earlier in the chapter. 
The plumber should find and identify leaking 
pipe joints and defective materials in the plumb- 
ing system being tested. 

Fix Defects. Having located and identified 
the defective portions of the plumbing system 
being tested, the plumber must proceed to cor- 
rect these defects. Leaks at joints must be re- 
paired. Cracked and defective pipe and fittings 
must be removed and replaced. 

Plumbing fixtures that will not pass the final 
air test must also be removed and stored careful- 
ly so that they can be returned to the manufac- 
turer for credit. 

If the plumber encounters a considerable 
amount of defective pipe and fittings, it is also 


wise to save this material because the plumbing 
contractor may be able to file a claim against the 
manufacturer of these items. 

Call for an Inspection and Test. After the 
plumber is satisfied that the plumbing system that 
is being tested meets the test requirements, the 
plumbing inspector should be notified that the 
work is ready for an inspection. 

Plumbing inspectors usually require a mini- 
mum of one working day's notice before an 
inspection so that they may schedule their in- 
spection load. Knowing this, plumbers are some- 
times tempted to call the inspector before they 
are sure that a plumbing system will pass a test. 
This practice is not recommended because it 
wastes the time of the inspector, and it can be 
embarrassing for the plumber to havethe inspec- 
tor arrive on the job too early and find that a 
piping system will not pass a test. 

Assist Inspector at the Time of Test. When 
the plumbing inspector arrives to test and 
inspect the work, the plumber must apply the 
test. While the test is in progress, the 
plumbing inspector may require that the plumber 
remove a cleanout or some other plug to see 
that the pressure has reached all parts of 
the system under test. 

The plumber should also escort the inspector 
around the job for a visual inspection of the work 
to see that it meets the requirements of the plumb- 
ing code. 

Remove Testing Apparatus. Оп completion 
of the test and inspection, all testing apparatus 
should be removed. This usually involves remov- 
ing the testing equipment and tools and sending 
these items back to the plumbing shop. 

At this time, all the test caps and plugs should 
also be removed and any water or air that was 
used to test the piping system should be drained 
from the system. Test nipples and caps are 
normally left in water supply and sanitary drain- 
age openings after testing to prevent the cover- 
ing over of these openings when the finished 
walls are erected. 

On completion of the final air test, the plumber 
must be particularly careful to remove all test 
caps and plugs placed on roof vent terminals, for 
if these openings are left sealed, the vent system 
of the building will be seriously impaired. 
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о REVIEW QUESTIONS 
| “ 
1. When should the inspection of the differ- 
ent parts of the plumbing system be made? 
2. Why is the drainage piping of a multi-story 
building tested in sections? 


3. Is it feasible or not feasible to test the 


drainage system separate from the vent system? 
Why, or why not? Е 

4. List the pipes їо be plugged and the equip- 
ment to be used to make a water test of an entire 
drainage system. 

5. At what point or points in the installation 
of the sanitary drainage system is the water test 
made? 

6. What system or parts of the system for 
storm water drainage must be tested? What 
parts need not be tested? 
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7. Describe the test usually made on the 
water supply and distribution system of a build- 
ing before final inspection. 

8. To what pressure is the water supply and 
distribution system usually subjected? For how 
long is this pressure maintained? 

9. Describe the "finished plumbing test" 
given the plumbing system of a building prior to 
inspection by a local or state plumbing inspec- 
tor. 

10. What is recommended for the disposition 
of plumbing pipe, fittings, and fixtures that fail in 
any plumbing test? 

11. Why must the caps and/or test plugs be 
removed from the roof vent terminals on comple- 
tion of the final air test? 


CHAPTER 


To correlate the information given in previous 
chapters, this last chapter illustrates and ex- 
plains the design of a typical plumbing system of 
a single-family home. 

The home selected as an example is of medi- 
um price and of the type being constructed on 
suburban housing developments in various parts 
of the country. The house is an L-shaped ram- 
bler containing approximately 1,200 square feet 
of living space, with an attached double garage. 

The plumbing in the home consists of a mod- 
ern kitchen with a garbage. disposal unit and a 
built-in automatic dishwasher. There is a full 
bath (a bathroom containing a water closet, a 
lavatory, and a bathtub) on the main floor, as 
well as a three-quarter bath (a bathroom con- 
taining a water closet, a lavatory, and a shower 
bath) off the master bedroom. 

The plumbing in the basement consists of a 
laundry tray with a standpipe for the automatic 
clothes washer drain, a water heater, a water 
softener, and two floor drains, one beneath the 
laundry tray and the other by the water softener 
to receive the backwash from the water softener. 


Plumbing 
a House 


This drain also receives the condensate from the 
air-conditioning coil in the furnace. 

A rough-in for a future three-quarter bath is 
also indicated in the basement. It is common 
practice to rough-in for future basement bath- 
rooms at the time of the original construction of 
the home. This saves the homeowner the ex- 
pense and inconvenience that would be involved 
in breaking up the basement floor to provide the 
plumbing for these fixtures at a later date. 

In the following sections of this chapter, the 
blueprints for the home, the specifications, the 
rough-in drawings, the illustrations used, and 
the design and installation of the plumbing sys- 
tems of the home will be explained in regular 
order. 


Blueprints 


The blueprints on which the illustrative exam- 
ple is based are designated and numbered as 
Sheets 1 to 8. 

All drawings indicating floor plans and eleva- 
tions were originally done according to the 7/4” 
= 1'0" scale. The detail drawings, which appear 
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on some of the plan and elevation plates, were 
drawn to the 1/2" =1'0" scale. | 

The blueprints were originally drawn full size, 
but they have been reduced to fit the page size of 
this book. Therefore, although the blueprints are 
all in correct proportion, they cannot be scaled. 

A study of the various floor plans will show. 
that the architect has indicated all the plumbing 
fixtures and their locations. The plans indicated 
by the architect should be followed exactly un- 
less obstacles arise, in which case the architect 
should be consulted before any changes are 
made. 

The blueprints should be studied so that the 
plumber will have a perfect visualization of the 
entire house and its structural details, all of 
which must be considered as the design of the 
plumbing system is being carried on. 

In the working drawings or blueprints that 
architects prepare as a guide to the construction 
of houses, there are seldom, if ever, any details 
of the required plumbing system given, other 
than those that show the fixture symbols in their 
proper places. Designing the piping systems, 
therefore, must be done by the plumbing con- 
tractors before they can make estimates, bid on 
such jobs, or actually install the systems. 


Specifications 


The function of written specifications is to 
supplement the blueprints. In other words, the 
specifications give instructions and explana- 
tions that are not or cannot be shown on the 
blueprints. They should be studied as carefully 
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as the blueprints, and every item noted with 
extreme care. For example, the blueprints show 
the locations of water closets, lavatories, etc., 
but only the specifications describe these items 
as to their quality, manufacturer, color, etc. The 
blueprints do not indicate any piping for the 
home, but the specifications will tell the plumber 
what type of pipe to use for each plumbing 
system. 

The specifications for most homes are simply 
fill-in forms of the type illustrated in Figure 12-1. 
This form is supplied by the U.S. Government 
Printing Office for home builders who will be 
using FHA (Federal Housing Authority) or VA 
(Veterans Administration) appraisals for home 
loan financing. Other types of specification 
forms also are commonly used. 

The items of particular interest to the plumber 
on these specifications are found on Figure 12-1, 
page 3, Section 22: "Plumbing." This lists the 
location, type, and color of all the plumbing 
fixtures in a chart. Also indicated in this section 
are the type of water supply and sewage disposal 
system, the type of pipe to be used for the house 
(building) drain and water piping, and the type of 
water heater. 

Section 26: "Special Equipment," found on 
Figure 12-1, page 4, specifies special equipment 
of interest to the plumber, such as the dishwash- 
er, garbage disposal unit, and water softener. 

Some specifications are also shown on the 
blueprints in the form of notes. These notes are 
as important as any of the symbols, plans, or 
items in the written specifications. 


U. $. OEPARTMENT OF HOUSING AND URBAN DEVELOPMENT 
FEDERAL HOUSING ADMINISTRATION 
FHA Form 2005 For accurate register of carbon copies, form Form Approved 
УА Form 26-1852 may be separated along above fold. Staple OMB Мо. 63--Е0055 
Беу. 4/73 completed sheets together in original order. 


NE Proposed Construction DESCRIPTION OF MATERIALS no. 


Г] Under Construction 
11432 Galtier Drive Burnsville Minn. 


(То be insericd by FHA or УА) 


Property address GE  — — сое 
Mortgagor or Sponsor АЕ г 
(Name) (Address) 
Contractor or Builder [NEe— элс жы... ———— _ 
(Name) (Address) 
INSTRUCTIONS 
1. For additional information on how this form is to be submitted, number required, then the minimum acceptoble will be assumed. Wark exceeding 
of capies, etc., see the instructions opplicable to the FHA Application for minimum requirements cannot be cansidered unless specifically described. 
| Martgage Insurance or УА Request for Determinatian of Reasanable Value,as 4. 1946 no alternates, “аг equal” phrases, ar contradictory items. 
the case moy be. (Cansideratian af a request for acceptance af substitute materials ar equipe 
| 2. Describe oll materials and equipment to be used, whether ar nat shown ап ment is nat thereby precluded.) 
| the drawings, by marking an X in each apprapriate checkebax and entering the 5. Include signatures required at the end af this farm. 
; information called for in each space. If space is inodequate, enter "See misc.” 6. The canstructian shall be campleted in camplionce with the reloted 
| and describe under item 27 ar on an attached sheet. THE USE OF PAINT CON- drawings and specifications, as amended during processing. The specifi- 
TAINING MORE THAN ONE PERCENT LEAD BY WEIGHT 15 PROHIBITED. cat^ans include this Descriptian af Materials and the applicable Minimum 
: 3. Wark not specifically described or shown will not be cansidered unless Praperty Standards. i 
1. EXCAVATION: 
А Запа 
Bearing soil, type 
2. FOUNDATIONS: 
. 1:3:5 2,000 lb. test | Ба? 
Footings: concrete mix i urength рі------------ Reinforcing 
Foundation wall: material 2. Reinforcing 
Interior foundation wall: material, Panty foundation wal — =MR 2. 2....... 
[TO 
Columns: material and sizes Steel pipe Piers: material i ел = 


Girders: material and sizes Sills: material 
Where required=-corrupate metal 


Basement entrance Шу e Window areaways 


coat trowel mastic 


Termite protection 


Waterproofing Footing drains 


Basementless space: ground cover ____________________; insulation n; foundation vents 


Special foundations 


Additional information: 


3. CHIMNEYS: 


: и 
Material Metalbestos 5 Prefabricated ( make and size) 


Flue lining: material... Heater flue size ——— ———— eel eue "A Alum. to chimne 
e е 


Vents (material and size): gas ог oil heater 0 2. ——; Water heater 


Additional information: 
4. FIREPLACES: 

Type: О solid fuel; О gas-burning; [7] circulator (make and size) Аһ dump and clean-out 

Ficeplace facing c. lining — ————————— hearth — —— mantel 


Additional information: 


5. EXTERIOR WALLS: on corner 


Wood frame: wood grade, and species #2 a E ur bracing. Building paper or felt & rim jose 
Sheathing _strong board thickness _<_____; КЕ а Т EF soia; p fi spaced eS o. c; C diagonal; % 
Siding aluminum grade пуре „ ae size L; exposure —  — — —"; fastening alum, nails 
i Shingles _________________; grade type ; size ; exposure fasterinpoe E | 
Stucco o —X 1 ———— ———————Á'!—— Хеш — |: 
VERG wencer ——_ "SH Ша | Базе ја ——————=======—= 
Masonry: О solid [7] faced (0 stuccoed; total wall thickness _________”; facing thickness ________”; facing material 
Backup material ______________-; thickness _______.”;, bonding - 
Door sills Window ІБ-------------- incl zB Plascaflashing 
Interior surfaces: dampproofing, ______ coats об; furring 
Additional information: 
Exterior painting: material ; number of Со ts. == 
Gable em ER M 0 same as main walls; оһег construction ommon 88 Wi we Backing d ea 
6. FLOOR FRAMING: 5 
Joists: wood, grade, and wu co ш. other =; bridging Metal ; anchors NALE 
Concrete slab: CX basement floor; C] first floor; e ground supported; (J self-supporting; mix 77 7 7. 777 0 - 300 : ; ПЕЕ ; thickness ~ _—___-_ 
reinforcing... insulation ; membranc 
Fill under slab: material Sand ; thickness REUS ^. Additional information: 
7. SUBFLOORING: (Describe Наис for special floors under item 21.) | 
Material: grade and species Score десе cuc e Ц = 8 ty 
| Laid O} first floor; [7] second floor; О attic... sq. ft; | diagonal; AE ight angles. Additional e iion: _ Solid 


8. FINISH FLOORING: — Wood only. Describe other finish flooring under item 21.) 


[ОО ош ыо 
ee ie ee мт 
wmm oum у 


sq. ft. 


FiNisH 
seal & wax 
Seal & wax 


LOCATION 


Fim ier E 
KALAMA 


Attic floor 


Additional information: 


ditional information: L 
FHA Form 2005 
VA Form 26-1852 — DESCRIPTION ОР MATERIALS 


Figure 12-1. Typical specifications (page 1). 
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12. 


13. 


19. 


9. 


10. 


11. 


14. 


15. 


16. 


17. 


18.- 


DESCRIPTION OF MATERIALS 


PARTITION FRAMING: ‚ Ep 
Studs: wood, grade, and species E. 7 — size and spacing 2xh 16 


Additional information: 


CEILING. FRAMING: 
ЈОШ: eed, рта, куй speres —— .— — —— Ошу Bridging 


Additional information: 


Other 


ROOF FRAMING: | ` А 
Rafters: wood, grade, and species Roof trusses (вее агай): grade and species 2. 
7 lal 2 
Additional information: Sotres s grade materia xh truss 24 586 
ROOFING: ы! CD Plywood deo MR , 
Sheathing: v de, and s ; solid; space ос. 
ph ii uw ІР == = т та и 
FRAG Fr ии Snare E т зшщ alt’ seatd =й Wognadew- с G NUNC type 
Underlay Su uem CM M TN weight, or thickness 22.55 size 12х36-; peen сы 
Built-up ORAS —. `; number of plies ; surfacing material 
Flashing: material Galvanized — ^. — . gage ог а cierre ee, Г] йб stops; Ті snow guards 
Additional information: 
GUTTERS AND WNSPOUTS: и 
BOSE aut 277227 2) | Вох 
Gutters: materah м тт еее Осе оп менее” size | Баре 
Downspouts: material aluminum — — ; gage or weight ELI size icu shape Box 


Downspouts connected to: [ ] Storm sewer; (0) sanitary sewer; [7] dry-well. [$ Splash blocks: material and a Concrete 10" x2l 
Additional information: 


LATH AND PLASTER 


Lath (О walls, (J ceilings: тиеп; weight or thickness. ————— Plaster: coats ; finish 


Dry-wall бума о ) dC 85 I MTS GERED $ pibickness E ____; finish Sanded ; 


Joint treatment 


DECORATING: (Paint, wallpaper, etc.) 


Коомѕ WALL FINISH MATERIAL AND APPLICATION CEILING FINISH MATERIAL AND APPLICATION 
Em Ие. А з. 
Bath 5 5 соя - a ~ т © нее cG-D-pnA-eo-d 
Л = E Ө Са Са n 
Other ooms rime = 
na coa a = 2 2 


Additional information: 


INTERIOR DOORS AND TRIM: 
Doors: Параны ее =" material Oar MEER E. thickness EL T 
Door trim: type «Варе тізе Тегі. — Oak -- Base: Dm Melee ; material «дак, size 2-3/4 


Еш шт ин --_______- ___________ сиіп. йал аш ызеа 11 СЕСЕ 
Other trim (iem, type and location ) Dssgwent doer = pine trim, seal coated, СОСЕ 
Additional information: Closet trim in 2 member pine stained and sealed, — — — 


WINDOWS: 
Windows: type Casements _;таке 2; material Pine — — 5 5 5 5 — ;sash thickness Le ЗАЦ " ___ 


Glass: grade 0 sash se balances, type “ЕССЕ head flashing all ЕНЕНЕ 


Trim: i 7. materiales Paint Stain and Seal ; number coats 3 


Weatherstripping: type Compression = — ž ; material Aluminum &- vinyl — «2050850, Glass 


Screens XP ТП а o pe аа лана тты Aluminum Келі та sided 2 25200 25 лан СА 77 screen cloth Шы” mewa ШИН 
Basement windows: type Awnin ; material IAE ; Screens, numba ALL __ ; Storm sash, number ТАЛ» 2 


Special windows 


Additional information: 
ENTRANCES AND EXTERIOR, DETAIL: 


5 и 

Main entrance door: material EIU cse CH width 09 п: thickness = МА Frame: material —fine _. , thickness E 
a = | 

У ү НИМ AG ү 


Other entrance doors: material ; thickness Frame: material ; thickness 


Head flashing _ 26 GA GP Weatherstripping: type Spring Bronze  .saddes GJI 


Screen doors: thickness "^: number — p screen cloth material. SS an denn. thickness "; number 


" 


Combination storm and screen doors: thickness ; number ; screen cloth material 


Shutters: [] hinged; ККАхед. e E ол = 2. , Attic louvers Отац 


Exterior millwork: grade and species ear Redwood po _ lead & о1 ^ Á» .. number coats. — 


Additional information: 


CABINETS AND INTERIOR DETAIL: Mix " 


Kitchen cabinets, wall units: material кыо NEU UE NE Lu жете жесе lineal feet of shelves Plans Hen width 


Base units: material Q8k — _ ; counter top Textolite edging се 
Back and end splash, Textolite Pinih ebm sie te у] ОЮЛ shed acquer i 


o DL c S number соаіѕ ^7 ____ 


онда mirror over vanity 
мада aa male ува emi tinen cabinet, pir plea e rent s 


Other cabinets and built-in furniture 


Additional information: 


20. STAIRS: 2 


260 


MEE LLLA Ek E 


BALLSTERS 


| 
ШШШ Ж ТОА TONO REESE ПЕ То И 


Basement 
Main 
Attic 
Disappearing: make апа modcl number 
Additional information: 


| |і. 


Figure 12-1 (cont'd.). Typical specifications (page 2). 
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1. SPECIAL FLOORS АМО WAINSCOT: 

Матин, Coron, Вонга, Sus, Gaot, Ere E 
а Ғе “е-е” 5 T tas МЕ ЫЫ 
[Corana a a о E (heels eee 


HEIGHT HEIGHT ім SHOWERS 
ATION MATERIAL, CoLon, Borner, САР. Sizes, Gace, Etc. (Gia Te (Frou FLOOR) 


- AL è eramıc wa 11е 


| 
| 
| 
| 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


FLoors 


Bathroom accessories: E]xRecessed; material ___ Ce Paimi-e—;: number. 3. ;XXAttached; material. Ceramic. ;number _2_____ 


Additional information: 


PLUMBING: 


zm | Kitenen| шткау ‘(IR 3372 —— 122422 Stáinless 5. 
os I Full Bath Kohler [Caxton K 22100 reen 
wee C — ТІ Bath Kohler — [Wellworth K3512 FBA| [Green 
D I Full Bath Kohler  |Seaforth K7h68A- | 5'0" - Green 
Sail tower | ЛІ Bath| Рта; _______| Сазсаце L8 CST 18-х 3k [Wnite 
Lamy v. | — Basement| Fiat [Fiberglass LTD | 2 compt. [White 


Lavatory 


Img : 
Water Closat I Буу Bat| Kohler —  [Weilwortn 83512 PEA _______ 
Eee] 
aes) TSN наннан) 


Eo o oo o шк к |... 
| 2 

| = 

| 


22 


. 


AEn NARREA EERE MD CRONE BT TERE 


AL] Curtain rod Ае Door (О Shower pan: material 
Water supply: азы (0 community system; (0 individual (private) system. X 

Sewage disposal: public; О community system; [ ] individual (private) system. 

X Sháds рту јасен individual system in 7^7 plete detail in sparate de Чач РОМЕ ^£ доби ст ез S cast iron or e ама: 
House drain (inside): tast iron; 157 ile;  оһег 2281806 7" 7 ouse sewer (outside): cast iron; ГІ tile; ЏЈоћег ____________ 
Water piping: [] galvanized steel; copper tubing; [ ] other 59 cocks, number — 

Domestic water heater: type да авва а е ; make and model 247% | ; heating capacity 


— ———— 


gph. 100* rise. Storage tank: materials alassa Пеј еее capacity ШО gallons. 
Gas service: CX utility company; Г liq. pet. gas; [ ) other Gas piping. |] cooking; 4 house heating. 
Footing drains connected to: [] storm sewer; [] sanitary sewer; [ ] dry well. Sump pump; make and model 


| 
| 
| 
| 
| 
| 
| 


Weapaciy ccc s discharges into 


HEATING: 

П Hot water. [] Steam. [] Vapor. [] One-pipe system. [] Two-pipe system. 
П Radiators. [] Convectors. [] Baseboard radiation. Make and model 
Radiant panel: О floor; О wall; О ceiling. Panel coil: material 
О Circulator. О Return pump. Make and model ; Capacity ——— 8pm. 
Boiler: make and model Output... .. . — — Вшћ.; net rating Btuh. 


Additional information: 


Warm air: О Gravity. ХА Forced. | pet 1 5: 
• х г • 


T еа ЕО, 


Duct material: supply 


nsulation а Кез iuo. & Оз air intake. | 


Furnace: make and model input...  Btuh; output e Баш. | 
Additional information: 
[Г] Space heater; [] floor furnace; [] wall heater. Input Btuh.; output Btuh.; number units 


Make, model Additional information: 


Controls: make and types Honey well, or equal 


Additional information: 


Fuel: [J Coal; O &il; ХК ваз; 0 liq. pet. gas; (0 electric; Q other —___»______; storage capacity 


Additional information: 
Firing equipment furnished separately: О] Gas burner, conversion type. (0) Stoker: hopper feed [7]; bin feed O 
Oil burner: [7] pressure atomizing; [J vaporizing 


МО АЗОТ ~ а LANE m 


Пе Ан. —_—__ ___. | 


Wiring: [J conduit: [7] armored cable; [] nonmetallic cable; [] knob and tube; ГА other Greenfield 


Special outlets: range; [] water heater; ГГ) othe 
| Г] Doorbell. 


Make and model Control 
Additional information: 
Electric heating system: type TAY fmc Se PRI T Input watts; @ _ volts; output ____ Bruh. 

| Additional information: 
i Ventilating equipment: attic fan, make and model Уи capacity cfm. 1 
$ kitchen exhaust fan, make and model | 
| Other heating, ventilating. or cooling equipment | 
24. ELECTRIC, WIRING: Dis ob | 
| Service: overhead; [] underground. Panel: Г) fuse box: tH circuit-breaker; таке LOO amp Se1XMPs. ____No. circuits 8 | 
| 5 ў 
| | 


г 
kont ОООО 


himes. Push-button locations ^ " 7^ ~ Additional information: 


25. LIGHTING FIXTURES: 123: 
| Тога! number of байга c SENI орх fi "emp шош i h 


Nontypical installation 


Additional information: 


Daa STENOSES SEO 


3 DESCRIPTION OF MATERIALS __ 


2 
2 киинин тет” -— алараа 
ЖИНИНЕ ЧААС ЕЕЕ әк сл лесе тен көз ÁÁ e i: ашке REEERE 


Figure 12-1 (cont'd.). Typical specifications (page 3). 


Plumbing a House 261 


DESCRIPTION OF MATERIALS 


26. INSULATION: 


Ceiling 
Wall 


Floor 


SPECIAL EQUIPMENT: (State material or make, model and quantity. Include only equipment and appliances which are accept- 
able by local law, custom and applicable FHA standards. Do not include items which, by established custom, are supplied by 
occupant and removed when he vacates premises or chattles prohibited by law from becoming realty.) 


Dishwasher: Kitchen Aid 


arbage disposal unit: nsinkerator ES 
ner: Water Softener: midsaymiipertal: YoOuces 22722777797” 


27. MISCELLANEOUS: (Describe any main dwelling materials, equipment, or construction items not shown elsewhere; or use to provide 
additional information where the space provided was inadequate. Always reference by item number to correspond to numbering 
used on this form.) 


Ш Clothes chute ~e eran ne 
n X Too ouvers 
2 реса! roo ouvers 


11111110115 221006002 CSIL Ing 
umanum acia 
и = авва 


ТЕККАСЕ5: 


GARAGES: | 
20 x 22 attached per plan 


WALKS AND DRIVEWAYS: ; 

АУА 1 сапа 7 A М2 8 БЕН 
Driveway: width ; 8 Базс material —————— Eure армен ; surfacing material 7.7 77 7 i; thickness —_— 
Front walk: ел. material _Concrete, thickness 2_ — "7 Service walk: width _______; material 1. ; thickness..." 
Step scarica te a т tre ЕЕ ЕОС Cheek walls 


OTHER ONSITE IMPROVEMENTS: 


( Specify all exterior onsite improvements not described elsewhere, including items such as unusual grading, drainage structures, retaining walls, fence, railings, 
and accessory structures.) 


LANDSCAPING, PLANTING, AND FINISH GRADING: 5 

Teen ot - chic E front yard: EX ide yards f^ rear yard o Lot line | feet behind main building. 
Lawns (seeded, sodded, or sprigged): [| front yard n; Q side yards; C) rear yard 
Planting: [7] as specificd and shown on drawings; [ as follows: 


Shade trees, deciduous, " caliper. — Е егргееп trees Macro HIS EB: 
Low flowering trees, deciduous, ' to и === _Буепитсепозћгиће. — ———— — (о L. B&B. 
High-growing shrubs, deciduous, ' to М — ÉL — Vines, 2-year 


Medium-growing shrubs, deciduous 


, D 


Low-growing shrubs, deciduous, to 


IDENTIFICATION.—This exhibit shall be identified by the signature of the builder, or sponsor, and/or the proposed mortgagor if the latter is 
known at the time of application. 


Мете eee 2 ee Signature 
Signature 
FHA Form 2005 
УА Form 26-1852 4 


0, 5, GOVERNMENT PRINTING OFFICE. 1473 © - 509-842 


Figure 12-1 (cont'd.). Typical specifications (page 4). 
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Rough-In Drawings 


The drawings shown in Figures 12-2 to 12-18 
are what plumbers call rough-in drawings or 
rough-in sheets. 

By studying these drawings, you can see that 
they show all the necessary dimensions for 
waste and water supply pipes going to and from 
the various fixtures. The purpose of the drawings 
is to show the plumber where to install the waste 
and water supply piping for the fixtures so that 
these will fit the fixtures when they are installed 
during the finishing operations (which are done 
after the wall coverings and floors have been 
placed). 

Rough-in drawings are secured by plumbing 
contractors when they place their fixture orders 
with their suppliers. 

It should be kept in mind that rough-in draw- 
ings usually apply only to the specific job for 
which the manufacturer issued them. Such 
drawings should be obtained with each order 
placed with the manufacturer, because some of 
the important dimensions change frequently as 
improvements and other design changes are 
made in the fixtures. 


Plumbing Permits 


Before starting to install any piping on a 
plumbing job, the plumber must be certain that 
the proper permits for that job have been ob- 


tained. Plumbing permits are required by most 
municipalities so that there is a record of all 
plumbing work being performed in the munici- 
pality. 

Plumbing permits are usually obtained by the 
plumbing contractor. When the contractor ap- 
plies for a plumbing permit, blueprints and speci- 
fications of the plumbing work may be required to 
be submitted so the plumbing inspector may see 
that local plumbing code requirements are met. On 
approval of the plumbing plans, the municipality 
will issue plumbing permits for the work to be 
performed. 

Plumbing permits are usually required for 
water service connections, building sewer con- 
nections, and the plumbing to be installed within 
the building. The plumbing contractor is re- 
quired to pay a fee for each permit. The purpose 
of this fee is to help defray the costs of the 
plumbing inspections necessary for the work. 

As a note of caution: if the plumber starts to 
install any phase of the plumbing on a job before 
the proper plumbing permits have been ob- 
tained, the plumbing inspector may refuse to 
inspect the work until the permits have been 
obtained. In addition, in some municipalities, 
plumbing inspectors have the authority to dou- 
ble the usual permit fee for jobs on which the 
plumbing work is started before the proper per- 
mits are obtained. 
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биче, 


TWO COMPARTMENT SINK 


| 
| 


SPECIFICATION 
#18 Gauge, type 302 (18-8), stainless steel ledge 


back sink with self rimming feature. Compart- 
ments are recessed 7/16" below faucet deck and 
other outside flanges. Compartments have 1-3/4" 
radius vertical and horizontal coved corners. Ex- 
posed surfaces are hand blended to a uniform 
LK-6K-H satin finish. Entire underside of sink is 
sound deadened. 


SPECIFIED FITTINGS: Dew Тое ops м 
32-3/8" X 21-3/8" — Corners, 1-1/2" Radius 


1% DIA. 4 HOLES- 


3% DIA. HOLE—— 
4% DIA. FLG., 


--2/2--- M4 — e 


I ———— 33, 


INDICATE FAUCET DRILLINGS REQUIRED 


JOB NAME 


CUSTOMER 


new concepts in 


ARCHITECT i i 
stainless steel sinks 


ELKAY MANUFACTURING CO., 2700 5. 17th AVE., BROADVIEW, ILL. 60153 


This specification describes an Elkay product with design, quality and functional benefits to the user. 
When making a comparison of other producers’ offerings, be certain these features are not overlooked. 


Figure 12-2. Double-compartment kitchen sink rough-in sheet. (Elkay Mfg. Co.) 
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"CENTURA" Sink Mixing Faucets 


K-6894 Lever handle, two water. 
K-6895 Lever handle, two water with spray. 
K-6896 Two water. 


If wanted with ground joint inlets, add suffix P. 


KOHLER PLUMBING FIXTURES & FITTINGS 
ENGINEERED FOR EACH OTHER 
KOHLER CO. KOHLER, WISCONSIN 53044 


K-6894 (1-76) 


Figure 12-3. Kitchen sink faucet rough-in sheet. (Kohler Co.) 


Plumbing a House 


| 
| 
| 
| 


ужета ogamon: 


265 


MODEL 77 


| 1/2 HP Stainless Steel 
IN-SINK-ERATOR» Garbage Disposer 


Submittal Sheet 


| e 5-year warranty on parts, 1-year warranty 
| on labor 

e Whisper Quiet polystyrene sound barrier 
| е INSTANT ENERGY CAPACITOR MOTOR 
е Stainless steel 2-piece easygrip stopper 
е Stainless steel grind chamber 
e Exclusive self-service ‘‘Wrenchette”’ 
• "Quick lock'' mounting 
• Exclusive polypropylene corrosion shield 
е Automatic reversing action 
е Permanently lubricated upper and lower 
bearings 
Exclusive cushioned anti-splash baffle 
Sound-absorbing upper shell 


Dishwasher drain connection 
Overload protection manually reset 
Dimensions 
D 
| 
| 


Specifications 

LI us —— — ETUR Ay 

ме у White Enamel 

Stainless Steel 

| Motor [remm Overall Height 135/16" 

г 172 for Drain" 

t HZ 60 Chamber Cap. 5-1/8 cups 
“Айд”, when steel sinks are used 

"Ато ТА зш $9 — —] | Protection Overload 
Sample Specifications 1-172 Gallons Per 

Lubrication Permanently Water Usage Person Per Day 


Lubricated 
Upper & ' 


Average 
Lower Bearings Drain Sr a 
Shipping Connection 
Drain Connection 


Garbage Disposer(s) shall be In-Sink-Erator stainless 
steel Model 77 . Continuous feed, automatic revers- 
ing switch, with?» Н.Р. capacitor start motor, corrosion 
protection shield, self-service wrenchette, unit lifetime 
corrosion warranty, 5-уеаг warranty on parts, 1-уеаг 
warranty on labor." 


“Тһе complete ISE warranty and all parts covered. is included in "Ада '. when steel sinks are used Meets MIL-G-15840-B Type II. 
the Care & Use Booklet. packed with each unit ** Unlimited capacity — continuous feed. 


Job Specifications 


CONSER дыны ыса E RTI LIIS a A 


Figure 12-4. Garbage disposal rough-in sheet. (In-Sink-Erator, Division of Emerson Electric Co.) 
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TALON == 


| 


ы и - p ао > У У си | 


DOOR IN OPEN POSITION 


HL WALL CLEARANCE 
(WITHOUT SIDE PANELS) 


WALL 


~ 8 - = 
SX SN SS SN 


Lai WITH 1/4" WOOD PANEL 


1 [INDICATES FILL CONNECTION -USE 1/2700 MIN COPPER TUBING | NOTE- ALL PLUMBING & VENTING 
PLI3873 [2 [INDICATES DRAIN CONNECTION оти Wo 
NDUIT 


3 |INDICATES LOCATION OF ELECTRICAL CONNECTION - 3/8" FLEXIBLE CO 


CAUTION 


emo 


For installation when the dishwasher is to be left through first pre-rinse only (approximately four min- 
unused in freezing temperatures: Turn off electrical utes) to drain all water trapped in the dishwasher. Turn 
power and shut off water supply at the hand valve. off electricity. To complete installation later: 

Remove lower panel. Disconnect both inlet and outlet 

lines at the DRAIN valve. This permits water to drain Connect drain and fill valves-both inlet 

from the dishwasher tank, pump and drain line. and outlet. 

Disconnect both the inlet and outlet lines at the FILL ] 

valve. Make provisions to control water drained Reinstall lower panel. 

from unit. Reinstall lower panel. Turn on electrical 

power. Then, push door handle down to lock position Turn on water and electrical supply. Then 

and push “Normal Cycle” button. Let dishwasher run push button for cycle desired. 


KITCHENAID DIVISION HOBART] ,;су оно 45374 


CORPORATION 


FORM 12106A (Rev. 4-76) (Supsds. F. 12106, 2-76) PRINTED IN U.S.A, 


на E I aa wees ae 


Figure 12-5. Pot-scrubber dishwasher rough-in sheet. (Kitchen Aid Division, Hobart Corp.) 
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"SEAFORTH" Recess Bath 
K-745-S [ей outlet. 


*K-746-S Right outlet. 


K-7004-T built-in valve, diverter spout, shower and bath supply. 
K-7172-R pop-up drain. 


No change in measurements if with connected drain and overflow. 


KOHLER PLUMBING FIXTURES & FITTINGS 
ENGINEERED FOR EACH OTHER 
KOHLER CO. KOHLER, WISCONSIN 53044 


K-745-S (1-76) | Measurements may vary 72". 


Figure 12-6. Bathtub rough-in sheet. (Kohler Co.) 
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"CLEARPASS" Pop-up Drains For 14" Baths 


K-7172-R 


LESSE RANG У~У У —___—_ нне T: Md __- _________-__-___ TEE ELE о менен 


KOHLER PLUMBING FIXTURES & FITTINGS 
ENGINEERED FOR EACH OTHER 


KOHLER CO. KOHLER, WISCONSIN 53044 


Figure 12-7. Bathtub drain rough-in sheet. (Kohler Co.) 
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"CENTURA" Bath Fitting 


K-6876 Less stops. 
K-687T7 —" Hte e SL 


H 
ei SUCCBSIE 
(Па мм 21мАХ) 
6“ ~ 216 


OP Or RIM 


KOHLER PLUMBING FIXTURES & FITTINGS | 
ENGINEERED FOR EACH OTHER 
KOHLER CO. KOHLER, WISCONSIN 53044 


K-6876 (1-76) 


Figure 12-8. Bathtub fitting rough-in sheet. (Kohler Co.) 
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к а-а, mn ———— 


WELLWORTH WATER - GUARD 
Closet Combination 


K-3502-PB 10" 27" 
K-3504-PB 14" 27" 


Measurements may vary 72". 


| 
| 
| 
| 
| 


KOHLER PLUMBING FIXTURES & FITTINGS 
ENGINEERED FOR EACH OTHER 


KOHLER CO. KOHLER, WISCONSIN 53044 


Figure 12-9. Water closet rough-in sheet. (Kohler Co.) 
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ЕЕЕ Я me 


lg 
R 
zu ДЕ 


4475 COLD 
ет 
| |4 OUTLET 
um 17" y oh n 10%” 
19 x 15" y 658” A 


K-1916 Basin Clamp Assembly 


LAVATORY 
MARBLE SL.AB WOOD COUNTER 
INSTALLATION INSTALL ATION 


KOHLER CO. KOHLER, WISCONSIN 53044 


K-2210 (1-76) . Measurements may vary 72". 


Figure 12-10. Vanity lavatory rough-in sheet. (Kohler Co.) 
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KOHLER or KOHLER 
"CHESAPEAKE" Vitreous China Lavatory 
K-1746-C 


—————DÀ OAC TERETE A E EE жә | 


— ONA PESES OA OSASCO AOO AEN PEISE TU ISAAC NEAN EAEE AAEE OETA DRAE A EAA: 


18" ту" 834 


20 x 18” 


20” | 

*24 x 20" 24" 20" 734” 834 " 3/27 | 
*Not recommended for installation without legs. | 
| T | 
| C Сепіга combination supply, pop-up drain, etc. ............. T4 | 

| CS Centra combination supply, drain plug, etc. ............... 19%” 
KOHLE PLUMBING FIXTURES | 
| AND FITTINGS | 
ENGINEERED FOR EACH OTHER | 
| | 
| К-1746-С (3-73) Measurements may vary V2". | 
| — | 


Figure 12-11. Wall-hung lavatory rough-in sheet. (Kohler Co.) 


Plumbing a House 273 


.KOHLER OF KOHLER 
| “CENTURA” Lavatory Fittings 


K-6882 With pop-up drai 

K-6883 With pop-up drain, lever handle. 
K-6884 Less drain. 

K-6885 Less drain, lever handle. 

K-6886 With chain and stopper. 

K-6887 With chain and stopper, lever handle. 


If wanted with ground joint inlets, add suffix P. 
If wanted with stream breaker, add suffix S. 


Pee 


Y 
DRAIN PLUG X POP-UP DRAIN 


G Pop-up drain 256". Drain plug 134". 

KOHLE PLUMBING FIXTURES 
AND FITTINGS 

ENGINEERED FOR EACH OTHER 


K-6882 (3-73) 


LL EQ 


Figure 12-12. Lavatory faucet rough-in sheet. (Kohler Co.) 
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MODEL NOMINAL SIZE 


No. B 


ACTUAL SIZE ROUGHING IN DIMENSIONS 
О И ҺИ ш ммм ГАН 


А 


18-1/16 


3657 зә | 3578 | э35лзлв | за | 36 | 181/8 
ie | ЛА | 
(же Pa ДСДИ hase 


- 34 : 
з | a [irmans | ззтало | eae | м | ыле [таль 
[mr | м | 3 |вз1346 | заза | save | 3315/16 | 27116 | 17718 


ETT 
! ! Pre 


STUDDING 
DRY WALL 1/2” 
RECOMMENDED 


APPROVED WATER- 
PROOF ADHESIVE 


3/16" 

CLEARANCE | 
BETWEEN 5/16" 
STUDDING уй 
& FLOOR 


FLANGE 


ROUGH FLOOR 


TYPICAL DETAIL THRU 
TILED WALL 


| 
| 
| 
| 
| 
| 
| 


MODEL CSTC 


RELI e ae raa 


- ————————— —— 


Figure 12-13. Shower bath base rough-in sheet. (Powers-Fiat Co.) 
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KOHLER or KOHLER 
"CENTURA" Shower Fitting 


K-6874 


|. 
PS 


| ‘ 
TO PT 


Т 
65 DIA: 


no | 
5 COLD 


48" 
TO FLOOR 


^" 


(мм 2 МАХ) 


Д 
WITH STOPS 


KOHLER 7:095 nes 


ENGINEERED FOR EACH OTHER 


Kohler Со. Kohler, Wisconsin 


Figure 12-14. Shower faucet rough-in sheet. (Kohler Co.) 
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SERV-A-SINK® 


МОЕ L-1* 


STANDARD SIZES: Dimensions shown conform to those specified 
in Federal Specifications WW-P-541/5A-3.2.7 (Laundry Tubs) and 
WW-P-541/5A-3.2.7.7 (Cabinet Type). 

P MU ERR S Ead Double Tub 
Overall Outside 


Dimensions 2 7/16 45-1/8 x 21-3/8 x 15-3/16 
Inside Between 
Walls and 20-1 x S 21-1/2 x 16-1/2 x 12-3/4 
Bottom ea. side 
Deck Space 
With Integrally 
Molded Soap Dish = 4" 
Capacity 2 5 40 Gallons 
Static Load 
(Wall Hung and 
Leg Mounted) ounds 600 Pounds 
Overall Height 
From Floor 35-1/4 
* US Patent Pending 
(4) 7/8" DIA. 


KNOCKOUTS 


POWERS-FIAT 


DIVISION OF POWERS REGULATOR COMPANY 


MODEL LTD 
(U.S. Patent No. 3,605,456) 


GENERAL: MOLDED-STONE® Laundry Tub shall be manufactured 
by Powers-Fiat. Molding shall be done in matched metal dies under heat 
and pressure, resulting in a homogeneous molded section. Strainer(s) 
shall be furnished with stopper. Capacity shall not be less than 20 gal- 
lons for L-1 and FL-1 or 40 gallons for LTD and FLTD models. 


COLOR: No. 218 Confetti White is standard. Optional without cost: 
No. 233 Green Drift. 


MODELS: L-1*, single tub wall mounted; FL-1, single tub leg mount- 
ed, L-2, single tub cabinet mounted; LTD, double tub wall mounted; 
FLTD, double tub leg mounted. 


OPTIONAL ACCESSORIES: See reverse side. 


· (6) V& DIA. 
KNOCKOUTS 


Figure 12-15. Laundry tray rough-in sheet. (Powers-Fiat Co.) 
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Top Supply “Қ ЕГІЗ 
With Ledge Brackets М $ 5 


50214 ER E SATIN 


Figure 12-16. Laundry tray faucet rough-in sheet. 
(Wolverine Brass) 
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SPECIFICATIONS 


* Two-tone baked enamel 
exterior finish over bond- 
erized undercoat — en- 
hances the appearance 
of utility room or base- 


ment. 


* Famous A. O. 
Smith glass-lined 
tank— outlasts all 
others. 


* Patented Hydra- 
steel construction 
—glass fused per- 
manently to steel. 


* 100% safety 
shut-off with 
built-in temper- 
ature-limiting de- 


vice. 


* Reserve Power 
control — easy to 
read, easy to set. 


* Fully automatic 
operation— set it, 
forget it. 


* Total regulation 
..built-in preset 
gas pressure reg. 
ulator automatical- 
ly maintains most 
efficient heating 
rate. Pilot gas regu- 
lator also factory 
preset. 


* Pedestalbase for 
easier cleaning. 


MODELS 


GASES 


* Non-corroding 
nipples standard 
equipment 


* Relief valve 
opening for 
greater ease of 
installation 


Capacity in Gallons 
Input, Btu/Hr. 


Recovery: 
Gal. per hr. at 100? rise (тип.) 


———————À 


e Stainless Steel 
Dip tube. 


* Hydrasteel 
processed. glass- 
coated flue 


* Full glass fiber 
insulation — non- 
sagging. vermin 
proof — saves 
heat and fuel. 


* High-purity, 
high-density, ех- 
truded anode. 


* Air-foil designed 
flue baffle for 
maximum thermal 
efficiency. 


* Completely en- 
closed, insulated 
combustion 
chamber. 


* Burner works 
with all gases — 
produces even 
flame distribution 
for top operating 
economy. Preset 
burner needs no 
air adjustment. 


* Lint-free pilot— 
won't clog. 

е Exceeds F.H.A. 
requirements. De- 
sign certified by 
A.G.A. 


* Working ргез- 
sure— 150 psi 


LOW-PROFILE DRAFT DIVERTER 
FOR PGD65, 75, and 100 


Relief valve 
opening 
ЛАЛАР 
30, 40, 50 


GAS INLET / 


1/2" N. | T. 
FRONT VIEW ~ 


. Relief valve 


ДАДЕ 
65. 758100 


эм J opening 
ij wt 


тор P VIEW 


*Relief Valve opening % N.P.T. for PGD's 
65, 75 and 100 located on right side of 
tank. Same dimensions from centers apply. 


10-YEAR FULL VALUE 
GUARANTEE 


If the tank should leak within 
the first ten years after in- 
stallation in single and mul- 
tiple family dwellings, we 
provide a complete replace- 
ment heater - free. All other 
parts guaranteed опе year. 
Dealer installation and local 


delivery extra. 
commercially, 
three years. 


(max.) 


PGD 75 


М 


When used 
guarantee 15 


PGD 100 


100 


100 
60, 000 [ 55. 000 70,000 | 100,000 | 80,000 


FORM No. WH 1028D 


A. O. Smith Corporation reserves the right to 


PRINTED IN U.S.A. 


make product changes or improvements at any time without notice. 


9 A. O. SMITH CORPORATION, 


Kankakee, Illinois • 


A. O. Smith Corporation 
Consumer Products Division 


Figure 12-17. Water heater rough-in sheet. (A.O. Smith Corp.) 


Stratford, Ontario, Canada 


HC 30M 64 
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© Specifications: IMPERIAL PROBE 


| 
| 


Rated Capacity (Grains) @ Salt Usage (Ibs.) ................... 23:000 @ 13.5 

18,000 @ 7 

Пре of lon Exchange Material ............................ High Capacity Resin 

Amount of lon Exehance lateral (Cu. Е) oe LN Rr ore 96 

Water Бесе је Limite (PSI), e eere но 20-125 | 

Maximum МЕНЕЕ ПТ о nad 120 | 
| Minimum Pump Capacity (Gals. Per Ноиг).................................. 180 | 
| Service Flow Rate (Gallons Per Minute @ 
| 15 PSI Perseu ucc NEED. — LL 2... 5) 
| Backwash Flow (Gals Per Win.) ............ə.ə.Ӛ..9қЮ на. 1.8 | 
| Brine Clow Gale Car VII Reese eI о 7и 5 | 

Brine Rinse Flow (Gal. Рев Ма.) 222.22... 27. 33 | 
| Backwash Flow (Gal. Per Мо)... К. 1.8 | 

Fast Rinse СЕ ГГЦ 56 1.6 

SaltStorage Capacity DS ао О И. 200 

ЕЕЕ [sque cn cere oh К О ce sore Uo у... 115 Volt, 60 Cycle 

ЕТЕ Ecc c eos TES 100°F 


cid IMPERIAL PROBE 


INLET AND OUTLET 
34" Copper Sweat, | 
Quick-disconnect 


00 ем | 


ae anm 00 ем | 


INLET-OUTLET 


| | 
| | 
| | 
| | OVERFLOW | 
| | | 
| 
= | 35у” 37%" | 
| = 
Js 


————— Á———À 


FRONT SIOE 
Rr] Ecodyne Corporation | 
=] The Lindsay Division | 
| 455 Woodlane Ог., St. Paul, Minn. 55119 | 


Figure 12-18. Water softener rough-in sheet. (Ecodyne Corp.) 
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[о] INSTALLATION OF 
THE ROUGH PLUMBING 


As mentioned in Chapter 10, the installation of 
the rough plumbing, or roughing-in, consists of 
the installation of all parts of the plumbing 
system that can be completed prior to the instal- 
lation of fixtures. This includes the drainage, 
vent, and water supply piping, as well as any 
necessary fixture supports. The rough plumbing 
in a single-family dwelling of the type illustrated 
in this chapter is usually installed after all the 
framing of the house is completed and the roof is 
covered. 

Before starting the rough plumbing, the 
plumber should study Sheets 2, 3, and 6 of the 
House Plans to locate the various plumbing 
fixtures and appliances. The specifications on 
Figure 12-1, page 3 should also be checked for 
the type(s) of piping material to be used. The 
specifications in this example specify the use of 
hubless (no-hub) cast iron for the building drain- 


age piping. 


Sketch of Waste and Vent Piping 
and List of Material 


After studying the plans and specifications, it 
would be well for the plumber to sketch an 
isometric drawing of the sanitary waste and vent 
piping, to give an idea of how this piping will 
appear when it is completed and also to aid the 
plumber in ordering the proper material for the in- 
Stallation. Figure 12-19 is such an isometric draw- 
ing of the sanitary drainage and vent piping for the 
example presented in this chapter, with the pipe 
sized as it would be installed with no-hub pipe 
and fittings. You will notice the absence of 
1'/4-inch size pipe, but you must remember that 
no-hub pipe and fittings are not manufactured in 
this size. Figure 12-20 is a reproduction of Figure 
12-19, with all the fittings to be used marked in 
their proper places on the drawing. Figure 12-21 
is a list of the material! required to pipe the 
sanitary drainage and vent piping for this exam- 
ple. 

As the plumber becomes more experienced in 
housing work, an ability to visualize plumbing in- 
stallations will develop, and making isometric 
drawings of this type can be eliminated. 
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1—4" combination Y and '/s bend 
1—4 x 3'/2 tapped adaptor 

(for front main cleanout) 
1—4 Y 


4—4 x 2 Ys 
1— 4" long sweep !/4 bend 
1— 4" '/s bend 


1—4 x 2 sanitary T 

1—4 x 4 x 16 x 16 closet bend 
1— 4" blind plug 

1—4 x 3 reducer 


1— 3” test T 

1—3 x 2 double Y 

1 — 3" sanitary cross 

2—3 x 3 x 16 x 16 closet bends 


2 — 2" floor drains 

2 — 2" P-traps 

2 — 2" Ys 

4 — 2" long sweep 1/4 bends 
3 — 2" !/4 bends 


5 — 2" '/3 bends 
2—2" Ts 

2—2 x 17/2 Ts 
1—2 x 11/2 cross 
1—2 x 1'» Y 


1— 2” combination Y and '/s bend 


2 — 2" blind plugs 

1—2" test T 

1—1'/7" tapped cross 

2 — 1'/2' tapped Ts 

3 — 11/2” tapped 1/4 bends 

1—1'" T 

1 — 11/2" cross 

2 — 11/2" combination Y and '/s bends 
7 — 11/2" 1/4 bends 

3 — 11/2" !/s bends 


The following list of no-hub couplings is only 
an approximation: 


19 — 4" no-hub couplings 
10 — 3" no-hub couplings 
55 — 2" no-hub couplings 
45 — 1'/2" no-hub couplings 

7 —2 х 11/2" no-hub couplings 


The following list of pipe is also an approxima- 
tion as no allowance was made for fittings when 
scaling the drawings: 


20 feet 4" no-hub pipe 
20 feet 3" no-hub pipe 
60 feet 2" no-hub pipe 
80 feet 11/2” no-hub pipe 


[———————————ÓOÀ——M—À 
Figure 12-21. Material required to pipe the sanitary waste 
and vent pipe system illustrated in Figure 12-19, as taken 
from Figure 12-20. (All fittings are no-hub soil pipe.) 
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CUT 3" ROUND HOLE IN ROOF 


2x4 
- DOUBLE 
TOP PLATE 
DRILL 2-9/16” HOLE 
| | 
[| 
І 
DRILL 2-9/16" HOLE 
! a | 
20" 
| 2х4 
алы 


Ў FLOORING 


2 x 10 JOIST 


ы ыла DRILL 2-9/16" HOLE 


Figure 12-22. Location of the holes for kitchen sink waste 
and vent piping. 
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Location of Fixtures on the First Floor 
and Drilling the Necessary Holes 


After sketching the rough plumbing and ob- 
taining the material, the plumber is ready to 
proceed with the next step. The plumber must now 
locate or lay out the plumbing fixtures in their 


proper positions in the house and drill and/or cut- 


the necessary holes for the fixture waste and vent 
pipes. | 
Starting in the kitchen, the plumber will notice 
that the blueprints show the kitchen sink located 
directly in front of the kitchen window. When the 
kitchen sink is located in front of a window, the 
piping for the kitchen sink waste and vent stack 
must be placed to either side of the window. In 
this particular home, the plumber will notice that 
there is a basement window located below and 


36” KITCHEN COUNTER HEIGHT 
—7-1/2" DEPTH OF KITCHEN SINK 


to the right of the kitchen sink; to avoid a conflict 
with this window, the kitchen sink waste stack 
will have to be placed to the left of the kitchen 
window. To provide the proper opening for the 
waste and vent stack serving the kitchen sink, 
the plumber must drill three holes directly in line 
vertically as shown on Figure 12-22. Two of 
these three holes, which are located about 6 
inches to the left of the 2 x 4 stud framing for the 
kitchen window, are drilled 29/16-inches in diam- 
eter through the 2 x 4 plate at the floor and the 
double 2 x 4 top plate. Then a larger (3-іпсһ 
diameter) hole is cut through the roof. 

To pipe horizontally from the stack to the area 
beneath the kitchen sink, it is necessary to drill a 
2%/16-inch hole through the studs beneath the 
kitchen window, as shown in Figure 12-22. From 
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Figure 12-23. Calculation of the kitchen sink drain rough-in 
height. 


the data in Figure 12-23, the location of this hole 
can be computed as follows: 


Kitchen counter height: 36 inches 


Subtract the following measurements: 
— 7/2" Depth of kitchen sink 
— 61/2" Center line of garbage 
disposal waste outlet 
= 2 One-half length of disposal 
drain elbow 


—16" 


COMMON WALL 


CUT 5" 
DIAMETER HOLE 


CUT OUT 
3-1/2” SQUARE 
FOR STACK 


DRILL 
2-9/16" HOLE 


DIAMETER 
А. HOLE 


27" (40 x 22) 


DRILL 2-9/16' HOLES | 
BEDROOM WALL 


When this 16 inches is subtracted from the 
36-inch height of the kitchen sink, it indicates 
that the hole should be centered at 20 inches 
above the floor. 

Moving to the bathroom area of the house, the 
plumber should refer to Sheet 9 of the house 
plan blueprints, which is the detail sheet for the 
full and three-quarter bathrooms. 

A floor plan of the holes required for the waste 
and vent pipes for these two bathrooms is illus- 
trated in Figure 12-24. 
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Figure 12-24. Location of the holes for bathroom waste and vent pipes. 


Plumbing a House 287 


Starting with the bathtub waste, lay out on the 
floor the location of the bathtub drain opening, 
as shown on Figure 12-6 (the bathtub.rough-in 
sheet), 14 inches from the back wall апа 8'/2 
inches from the hall wall, and drill a 2916-іпсһ 
hole. From this hole to the end wall, lay out a 


triangle-shaped opening through the stud wall, 


as shown on Figure 12-24, and cut this opening 
to provide clearance for the bathtub waste fit- 
ting. Drill a 29/16-inch hole through the sill along- 
side the triangle-shaped opening for the bathtub 
vent. Since the bathtub vent continues through 
the roof, it is also necessary to drill through the 
top plate and cut a hole for the vent in the roof 
directly above this hole. 

Lay out the 40- by 22-inch vanity top on the 
floor. Measure the space left between the vanity 
top and the short stub wall at the end of the 
bathtub—there is 27 inches of space. In this 
space, center the water closet waste (at 131/2 
inches). This hole will be centered out 125/4 
inches from the common wall, because the water 
closet rough-in sheet (Figure 12-9) indicates a 
12-inch rough-in measurement from the finished 
wall to the center line of the waste, and to this 
measurement must be added 7/2 inch for plaster- 
board апа 1/4 inch for ceramic tile thickness— 
giving a total of 123/4 inches. After laying out the 
center lines of this hole for the water closet 
waste, use the closet flange as a template to mark 
a 6-inch diameter hole. 

While in this bathroom, mark on the floor plate 
of the common wall the 27-inch measurement 
from the bedroom wall to the center line of the 
vanity lavatory waste. 

In the three-quarter bathroom, lay out the 
34-inch width of the shower base. In the center 
of this base, cut a hole about 5 inches in diame- 
ter for the shower drain. In the common wall sill 
(directly behind the shower base), drill a 2316 
inch hole, as indicated, at the center iine of the 
shower base for the shower bath vent. 
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A space of 68 inches is left along the common 
wall in which to install the water closet and 
lavatory. As the water closet tank is 20'/2 inches 
wide and the lavatory is 19 inches wide (a total of 
39!/ inches), this leaves 28'/2 inches of space 
(68 — 39'/; = 281/) to be divided out in spacing 
between the fixtures. The usual procedure is to 
divide this space equally between the fixtures. 
Since 28'/2 inches divided by З equals 97/2 inch- 
es, there would be а 9'/2-inch space between the 
water closet and the lavatory, a 9'/2-inch space 
between the water closet and the shower, and 
another 91/2-іпсһ space between the lavatory 
and the wall. Figure 12-25 illustrates this fixture 
spacing. 

Using these fixture spacing measurements, 
the center of the water closet opening is marked 
out 123/4 inches from the common wall (as fig- 
ured for the other bathroom) and 193/4 inches 
from the shower base—that is, 91/2 inches of 
space plus 107/4 inches (one-half the 20'/2-inch 
toilet tank width)—for the center of the water 
closet waste opening. Mark a 6-inch diameter hole 
using a closet flange as a template. 

To determine the center line of the stack 
opening in the common wall, the usual proce- 
dure is to draw a line through the centers of the 
water closet waste openings passing through 
this wall, as indicated by the series of dashes 
between these holes in Figure 12-24. In the area 
where this line passes through the common wall, 
a 3'/-іпсһ square (the width of the 2 x 4) 
centered on this line is cut out of the sill and 
through the floor for the 3-іпсһ stack. 

The lavatory waste is marked on the floor plate 
of the common wall 19 inches from the bedroom 
wall. 

Figure 12-19 indicates the piping of the lavato- 
ries into a common waste and vent pipe. To 
obtain the proper location for this common 
waste pipe, the distance between the two marks 
previously put on the common wall floor plate 


for the lavatory waste center lines is divided in 
half, and a 2?hs-inch hole is drilled, as indicated, 
at 23 inches from the bedroom well. 


Another 2?he-inch hole is drilled in the com- 
mon wall floor plate for the vent pipe for the 
basement fixtures. This hole—6 inches from the 
bedroom wall—is shown on Figure 12-24. 


After cutting the holes for the fixture waste 
and vent pipes in the floor, the plumber pro- 
ceeds to the holes for the stack and horizontal 
vent piping. For the vent portion of the 3-inch 
stack, the top plate is cut off directly above the 
previously located stack opening in the floor 
plate, and a hole about 6 inches square is also 
cut through the roof above so the stack can be 
piped through the roof. 


The studs on the common wall are then 
marked and drilled with 2%/16-inch holes for the 
horizontal branch vent pipe from the shower 
vent hole to the stack and from the basement 
fixture vent hole to the stack. These holes are 
centered at 37 inches above the floor, as calcu- 
lated by adding 6 inches to the 31-inch height of 
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Figure 12-25. Layout of the fixtures on three-quarter bath 
wall to obtain equal fixture spacing. 


the wall-hung lavatory rim. (The apprentice 
should remember from Chapter 6 that horizontal 
branch vent piping must be piped at least 6 
inches above the flood level rim of the highest 
fixture connected to the vent.) 


Location of Basement Plumbing Fixtures 


To locate the plumbing fixtures in the base- 
ment of the house, the plumber will need to refer 
to Sheet 2, the Basement Plan, of the blueprints. 
You will notice that on this. sheet the laundry 
tray, floor drains, and basement three-quarter 
bathroom rough-in are not marked with any 
locating dimensions. This is quite often true on 
blueprints for residential work. When the blue- 
prints do not have any dimensions, the plumber 
must measure or scale the location of the fix- 
tures from the blueprint. (Note: Since the blue- 
prints for the example in this chapter have been 
reduced to fit the book page, they cannot be 
scaled.) Figure 12-26, a plan view of the building 
drain, is provided for the apprentice's informa- 
tion, with the necessary dimensions marked on 
it. 


9-1/2" 
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WALL 
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Figure 12-26. A plan view of the building drain. 
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Using the dimensions provided on Figure 
12-26 (which would normally be scaled from 
Sheet 2), the plumber would proceed to lay out 
the location of the basement plumbing fixtures. 
The laundry tray waste would be marked on the 
side wall 7 feet 6 inches from the front wall, as 
indicated, and a stake driven into the dirt under 
the laundry tray location to indicate a floor drain. 

The center line of the future three-quarter 
bathroom plumbing wall would be located on 
the side wall, 13 feet from the front wall. The 
openings for the shower waste and vent, the 
water closet waste and vent, and the lavatory 
waste would all be located with stakes driven 
into the dirt at their appropriate dimensions, as 
taken from Figure 12-26. 

The 3-inch soil stack would be located by 
dropping a plumb bob through the opening cut 
in the common bathroom wall on the first floor. A 
stake would then be driven at this location. 

The floor drain serving the water softener 
would also be marked with another stake driven 
into the dirt. 

Finally, the location of the opening for the 
kitchen sink waste stack would be marked on 
the back wall of the basement one foot from the 
garage wall. 


Layout of the Building Drain Trench 


Having laid out the basement plumbing fixture 
and stack openings, the plumber proceeds to lay 
out the trench for the building drain. The usual 
method is to center the trench at the front wall 
on the stack opening and scratch a line in the 
dirt from the front wall to the stack. The trenches 
for the other fixtures draining into the building 


[AP AB? oy 


drain are then marked in the dirt to provide for 
the building drain piping shown in Figure 12-26. 

Before starting to dig the trench, the plumber 
must know the invert elevation of the building 
drain where it leaves the front of the house. 
(Invert elevation, is the term applied to the lowest 
portion of the inside of a horizontal pipe.) This 
depth may be calculated by scaling the longest 
run of pipe on the building drain (from Figure 
12-26) and multiplying this measurement by 1/4 
inch per foot for grade. To this measurement 
must be added 4 inches for the thickness of the 
basement concrete floor and 4 more inches for 
the diameter of the building drain. For example, 
on Figure 12-19, the longest run of building 
drain piping is to the kitchen sink waste stack. 
The distance from the front main cleanout to the 
kitchen sink stack scales approximately 48 feet 
along the length of the pipe, as drawn in Figure 
12-26. The depth of the trench would then be: 48 
feet x '/4 inch per foot of grade equals 12 inches, 
plus 4 inches for the basement floor thickness, 
plus 4 inches for the diameter of the building 
drain, to tota/ 20 inches, as illustrated on Figure 
12-27. 

With this measurement, the plumber may dig a 
trench 20 inches deep at the front of the building 
to the stack and kitchen sink openings, grading 
this trench approximately 7/4 inch per foot. The 
trenches required for the drains from the laundry 
tray, floor drains, and basement three-quarter 
bathroom are also dug at this time. It is also 
necessary to tunnel several feet underneath the 
footing at the front of the house so that a piece 
of 4-inch soil pipe may be extended out for 
eventual connection of the building drain to the 
building sewer. 


FLOOR LINE 


Figure 12-27. invert elevation showing the depth of the 
building drain outlet. 
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Installation of the Building Drain 


Once the digging of the trench is completed, 
the plumber is ready to install the building drain 
piping. Referring to Figures 12-20 and 12-26, the 
installation of the building drain would proceed 
as described in the following paragraphs. 

(Since the purpose of this section is to famil- 
iarize the apprentice with the method of installa- 
tion, no actual piping measurements will be 
given. Instead, the layout of the fittings will be 
described as they would be installed with no-hub 
soil pipe and fittings.) 

A piece of 4-inch no-hub soil pipe is joined to a 
4-inch no-hub combination wye and '/s bend and 
pushed out beneath the footing at the front of 
the house for future connection to the building 
sewer. The top opening of the combination fit- 
ting is extended up to а 4x3'/ tapped adapter 
for the front main cleanout. (The top of this 
adaptor must be at least 2 inches above the 
finished basement floor.) From the 4-inch com- 
bination wye and Гв bend, the 4-inch building 
drain pipe would extend to a 4x2 no-hub wye for 
the laundry tray and floor drain. Proceeding from 
this 4x2 wye, the drain is continued 4-inch size 
to another 4x2 wye for the future basement 
shower drain. Directly in front of this second 4x2 
wye, a 4-inch no-hub wye is placed for the future 
basement water closet and lavatory wastes. 

The building drain then continues 4-inch size 
to a third 4x2 no-hub wye for the kitchen sink 
waste and the floor drain provided for the water 
softener backwash. Finally, the 4-inch building 
drain is extended to the 4-inch long sweep 7/4 
bend to receive the 3-inch soil stack. 

Going back to the 4x2 wye placed for the 
laundry tray and floor drain wastes, the 2-inch 
side opening of the 4x2 wye is extended to a 
2-inch wye. The end of this 2-inch wye is extend- 
ed to the 2-inch floor drain, which will be be- 
neath the laundry tray. The side opening of the 
2-inch wye is extended to a 2-inch long sweep 1/4 
bend, which will receive the wastes from the 
laundry tray and the standpipe for the automatic 
clothes washer. 

Moving up the trench to the 4x2 wye for the 
future basement shower drain: the 2-inch side 
opening of the 4x2 wye is extended to a 2-inch 
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'/s bend positioned so that ће end of the '/s bend 
is parallel to the side wall of the basement, 
directly in line with the center of the shower 
drain. From this 2-inch '/s bend, the 2-inch pipe 
continues to a 2-inch sanitary tee placed on its 
back (with the side opening of the tee looking 
straight up at the center line of the future base- 
ment wall) to vent the shower drain trap. The 
2-inch pipe then continues to a 2-inch P-trap for 
the shower drain. This P-trap is extended above 
the basement floor and plugged with a 2-inch 
no-hub blind plug. 

At the 4-inch wye placed for the future base- 
ment water closet and lavatory drains, a piece of 
4-inch no-hub pipe is extended to a 4-inch 1/8 
bend, which is placed directly in line with the 
basement water closet opening. A 4x2 wye for 
the lavatory drain is joined to this '/s bend. From 
the 4x2 wye, the 4-іпсһ water closet drain con- 
tinues to a 4x2 sanitary tee placed on its back, 
with the 2-inch side opening of the tee looking 
straight up at the center line of the future base- 
ment wall, to provide a vent for the water closet. 
The 4х4х 16х16 closet bend is then cut to fit the 
proper rough-in measurement from the future 
basement wall and joined to the 4x2 sanitary 
tee. The top of this closet bend is plugged with a 
4-inch no-hub blind plug. 

Moving back to the 4x2 wye placed for the 
future basement lavatory drain: a 2-inch '/s bend 
is joined to the 4x2 wye so that the 2-inch pipe 
will run parallel to the future basement wall. 
From this '/s bend, a 2-inch pipe is extended to a 
2-inch long sweep 17/4 bend placed in line with 
the center of the future basement lavatory waste. 
Another 2-inch long sweep 1/4 bend, looking up 
in the center of the future basement wall, is 
joined to the first !/4 bend to provide the lavatory 
waste opening in the building drain. 

Working up the trench to the 4x2 wye left for 
the kitchen sink and the floor drain by the water 
softener, a 2-inch pipe is extended to a 2-inch 1/8 
bend. From the 2-inch '/s bend, the 2-inch drain 
continues to a 2-inch wye to provide an opening 
for the 2-inch floor drain for the water softener 
backwash. This floor drain is then joined to the 
side opening of the 2-inch wye. 


The 2-inch drain then continues to a second 
2-inch Ув bend. From this second '/s bend, the 
2-inch drain continues to a third 2-inch '/s bend 
located one foot from the garage wall. The 
2-inch drain then is extended to a 2-inch long 
sweep '/4 bend at the back wall of the basement 
to receive the kitchen sink waste. This completes 
the building drain piping. 


Installation of the Kitchen Sink Stack 


Having completed the building drain piping, 
the plumber proceeds to pipe the kitchen sink 
waste and vent stack, as detailed in Figure 12-28. 
From the 2-inch long sweep 1/4 bend, a piece of 
2-inch no-hub pipe is extended above the base- 
ment floor to a 2-inch test tee for a stack base 
cleanout. (Note: a 2-inch test tee is used because 
1'/5»-inch no-hub test tees are not available.) 

А 2x1'/2 no-hub coupling is used to reduce 
the top of the test tee to the 1'/2-inch size stack 
required for a kitchen sink drain. A piece of 
1/5-inch pipe is extended from the top of the test 
tee to the top of the concrete block basement 
wall. At the top of the wall, two 17/2-іпсһ '/s bends 
are used to offset back over the 12-inch concrete 
block wall to the 2x4 stud wall in the kitchen. 
The 11/2-іпсһ pipe then continues to the 17/2-іпсһ 
sanitary tee for the kitchen sink drain. The top of 
this tee is extended with 1'/2-inch pipe (to vent 
the kitchen sink trap) to a point below the roof, 
where it is increased to 2-inch size with a 2х 11/2 
inch no-hub coupling. The vent then continues 
through the roof 2-inch size. (Note: 1'/2-inch 
pipe is used to vent the kitchen sink in this 
example because 1'/4-inch no-hub pipe and fit- 
tings are not available.) 

At the 11/2-іпсһ sanitary tee left for the kitchen 
sink drain, a piece of 1'/2-inch pipe is added to 
extend the drain over to а 1'/2-inch tapped 7/4 
bend for the actual kitchen sink drain connec- 
tion. 


installation of the First-Floor Bathrooms 


After the kitchen sink stack, the plumber in- 
stalls the waste and vent piping for the first-floor 
bathrooms, as detailed in Figure 12-29. The first 
pipe to be installed in the bathroom area is the 
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Figure 12-28. Detail of the kitchen sink waste and vent stack. 
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3-inch main soil stack. A 4x3 no-hub reducer is 
joined to the previously installed 4-inch long 
sweep 1/4 bend, and a 3-inch test tee is joined to 
the reducer to provide a stack base cleanout. A 
piece of 3-inch no-hub soil pipe is extended 
from the test tee up to a 3x2 double wye for the 
drains from the shower bath, bathtub, and lava- 
tories. А 3-inch sanitary cross is joined to the top 
of the 3x2 double wye. The two 3x3x16x16 
closet bends are cut to length and joined to the 
side openings of the sanitary cross to provide 
the water closet waste openings. A piece of 
3-inch pipe is extended from the top of the 
3-inch sanitary cross to a 3x2 sanitary cross 
centered at 37 inches above the first floor. This 
3x2 sanitary cross will be the vent connection 
for the shower bath and lavatories. From the top 
of the 3x2 sanitary cross, the stack is extended 
full 3-inch size through the roof. 


Lavatory Drains. Dropping back below the 
floor and to the right of the stack, a 2х17/2 
no-hub coupling is put on the right-hand 2-inch 
opening in the 3x2 double wye. А 1'/2-inch '/s 
bend is then installed in this coupling. From the 
1/»-inch '/s bend, a 1'/2-inch pipe is extended to 
а 1'/2-inch combination wye and '/s bend with 
the side opening looking up directly beneath the 
hole drilled for the common lavatory drain. The 
end of this combination fitting is capped with a 
11/2-іпсһ blind plug for a cleanout. The top of the 
combination fitting is extended as 17/2-іпсһ size 
above the floor to a 1'/z-inch sanitary cross for 
the common lavatory waste. This cross is cen- 
tered at 17 inches above the floor. (See Figure 
12-11 for the lavatory waste rough-in height.) A 
11/2-inch tapped 1/4 bend is attached to each side 
opening at the 1'/2-inch sanitary cross. Тһе '/4 
bend on the left side faces into the full bathroom, 
while the '/4 bend on the right faces into the 
three-quarter bathroom. 


Shower Drain. At the left of the stack, a 
2-inch '/s bend is joined to the left side opening 
of the 3x2 double wye. A 2-inch pipe is extended 
from this '/s bend to a 2x1'/2 wye for the bathtub 
drain. A 2-inch combination wye and '/s bend, 
with the side opening looking up directly be- 
neath the hole drilled for the shower bath vent, is 
joined to the end of the 2x1'/2 wye. The end of 


this combination fitting is capped with a 2-inch 
no-hub blind plug for a cleanout. A 2-inch sani- 
tary tee is set on the top opening of the combina- 
tion fitting. The side opening of this tee is ex- 
tended to a 2-inch P-trap for the shower drain, 
and the inlet of this trap is extended above the 
floor. 

To vent the shower, the top of the 2-inch 
sanitary tee is reduced with а 2x1'/2 no-hub 
coupling, and a 17/-іпсһ pipe is extended 
through the floor to a 17/-іпсһ 1/4 bend centered 
at 37 inches above the floor. This 1/4 bend is then 
extended to the left side of the 3x2 sanitary 
cross with a piece of 1'/2-inch pipe, and joined to 
the cross with a 2x1'/2 no-hub coupling. 


Bathtub Drain and Vent. At the 2х17/2 wye 
left for the bathtub drain, the 17/2-іпсһ opening is 
extended to a 1'/2-inch '/s bend, which is cen- 
tered on the previously drilled hole for the bath- 
tub vent. From the '/s bend, a 17/2-іпсһ pipe is 
extended to a 1'/-inch combination wye and '/s 
bend lying on its back with the side opening of 
the combination fitting looking up directly be- 
neath the tub vent hole. The end of the combina- 
tion fitting is capped with a 17/2-іпсһ no-hub 
blind plug to provide a cleanout. A 17/2-іпсһ 
tapped tee is joined to the top of the combina- 
tion fitting for the bathtub waste connection. The 
top of this tee is extended with 17/2-іпсһ pipe to a 
point below the roof, where it is increased to 
2-inch size with а 2х17/2 no-hub coupling and 
continues as 2-inch size through the roof. 


Basement Fixture Vent. The right side open- 
ing of the 3x2 sanitary cross provides the vent 
opening for the first-floor lavatories and the 
basement plumbing fixtures. A 2-inch pipe is 
joined to the right side of the cross. This pipe is 
extended to a 2x1'/2 sanitary tee, with the side 
opening of the tee looking down directly above 
the previously installed 1'/2-inch sanitary cross 
for the common lavatory waste. A piece of 17/2- 
inch pipe joins these two fittings to complete the 
lavatory vent. From the end of the 2х 1'/2 sanitary 
tee, a 2-inch pipe is extended to a 2-inch 1/4 bend 
looking down toward the hole cut for the base- 
ment fixture vent. A piece of 2-inch pipe is then 
joined to the 7/4 bend and extended below the 
floor into the basement ceiling. 
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Figure 12-30. Detail of the basement three-quarter bathroom 
waste and vent piping. 
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Basement Three-Quarter Bathroom Vents 


On completion of the first-floor waste and vent 
piping, the plumber may proceed to install the 
vent piping for the future three-quarter bath- 
room in the basement, as detailed in Figure 
12-30. Starting at the 4x2 sanitary tee left for the 
water closet vent, a 2-inch pipe is extended up to 
a 2x1'/2 sanitary cross centered at 37 inches 
above the basement floor. This cross will provide 
the vent openings for the future basement show- 
er bath and lavatory. From the top of the cross, a 
2-inch pipe is extended up to a 2-inch '/4 bend 
near the ceiling. This 1/4 bend is joined to а 
second 1/4 bend, which looks up directly in line 
with the 2-inch pipe previously extended 
through the first floor for the basement fixture 
vents. The 2-inch pipe and the 2-inch '/4 bend 
are joined by placing a 2x1'/2 sanitary tee be- 
tween them in the ceiling joist space. The side 
opening of this tee faces the side wall of the 
basement to provide a vent opening for the 
laundry tray. 


At the 2x 1/2 sanitary cross, the left side open- 
ing is extended to a 17/2-іпсһ Уа bend looking 
down at the 2-inch sanitary tee previously in- 
stalled for the shower bath vent. A piece of 
2-inch pipe is extended up above the floor from 
the sanitary tee. (Note: this is necessary because 
most plumbing codes do not allow any pipe 
smaller than 2-inch size to be buried below a 
concrete floor. А 2х17/2 no-hub coupling is 
placed on this 2-inch pipe, and a piece of 1'/2- 
inch pipe is used to join the coupling and the 
11/2-іпсһ 1/4 bend. 


The right side opening of the 2x1'/2 sanitary 
cross is extended to a 11/2-іпсћ '/4 bend looking 
down at the 2-inch long sweep !/4 bend previous- 
ly installed for the lavatory waste. The 2-inch 
long sweep '/ bend must also be extended 
2-іпсһ size above the basement floor line, at 
which point it may be reduced to 1'/z-inch size 
with a 2x1'/2 no-hub coupling. From this cou- 
pling, a piece of 17/2-іпсһ pipe is extended up to 
а 1'/2-inch tapped tee placed at 17 inches to 
center above the basement floor for the lavatory 
drain connection. (This 17-inch measurement 


was taken from Figure 12-11—the rough-in 
sheet for this lavatory.) The top ofthe tapped tee 
is then extended with a piece of 1'/2-inch pipe to 
join the 1'/2-inch '/4 bend to complete the lava- 
tory vent. 


Laundry Tray Waste and Vent 


The only fixture remaining to be piped is the 
laundry tray, as detailed in Figure 12-31. The 
2-inch long sweep '/4 bend previously installed 
for the laundry tray waste is extended with a 
piece of 2-inch pipe above the basement floor 
line, at which point it reduces to 1'/-inch size 
with a 2x1!/2 no-hub coupling. A piece of 17/2- 
inch pipe is extended up to a 1'/z-inch tapped 
cross, centered at 18 inches above the basement 
floor. 

This location is calculated in the following way 
(see Figure 12-15, "Laundry Tray Rough-in 
Sheet): 

Laundry tray height: 35'/4 inches 

Subtract the following: 


— 153/16" Depth of laundry tub 

= 2' One-half length of a 1'/2 x 4 
flanged tailpiece 

— 173/16" 


When this figure (rounded їо 171/4”) is subtracted 
from the height of the laundry tray, it gives 18 
inches for the center line of the waste. This 
tapped cross will provide waste openings for 
both the laundry tray and the standpipe for the 
automatic clothes washer. 

From the top of the tapped cross, a piece of 
1'/2-inch pipe is extended up to a 17/2-іпсһ 1/4 
bend near the ceiling. A piece of 17/2-іпсһ pipe 
extends across the basement ceiling from this '/4 
bend toward the basement three-quarter bath- 
room. At the center of the 2х 1'/ sanitary tee left 
for the laundry tray vent, another 1'/ inch 1/4 
bend is joined to the 1'/z-inch pipe. This '/4 bend 
faces up to another '/4 bend, which faces the 
2x11/2 tee. A piece of 1'/z-inch pipe joins the 7/4 
bend and the tee to complete the laundry tray 
vent and the waste and vent piping for the entire 
house. 
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Test and Inspection of the Rough Plumbing 


When sanitary drainage and vent piping has 
been completed, the plumber is ready to test the 
installation and have it inspected. The methods 
for testing sanitary drainage and vent piping 
were discussed in Chapter 11, and the appren- 
tice should refer back to that chapter for the 
appropriate testing method required by the local 
plumbing code. 

After the test and inspection, the plumber 
must backfill the trenches. During the backfil- 
ling, large rocks and other debris must be kept 
out of the fill material being put back into the 
trench. This will prevent damage to the pipe and 
fittings. When the backfilling is finished, recheck 
and level the floor drains and the front main 
cleanout to see that they have not been knocked 
out of alignment. 


Installation of Bathtub and Shower Base 


The bathtub and shower base (because they 
are built-in plumbing fixtures) must be installed 
before the plasterboard (sheet rock) and ceramic 
tile are applied to the rough walls. The plumber 
sets these fixtures after completing the instal- 
lation of the sanitary drainage and vent piping. 

Shower Base. The shower base is set in its 
location in the three-quarter bathroom. The 
rough floor must be cleaned before the base is 
set into place so that it rests evenly on the floor. 
The connection to the 2-inch pipe inlet of the 
P-trap is then sealed with a caulked lead and 
oakum joint. 

Bathtub. Before the bathtub is set, it is nec- 
essary to nail a piece of 2x4 along the back wall 
of the tub space approximately 13'/» inches 
above the floor to support the back edge of the 
bathtub. After this board is installed, the bathtub 
may be set into place. The waste and overflow 
fitting is then attached to the bathtub and the 
P-trap connected to complete the bathtub drain. 

Fixture Backing. Since plumbing fixtures 
cannot be supported by plasterboard walls, 
backing or reinforcement is required for wall- 
hung fixtures (such as the lavatory to be installed 
in the three-quarter bath of this example home). 
The backing consists of a 1x8 board nailed 


between the studs on the common bathroom 
wall. The 1x8 should run at least the full width of 
the lavatory and be centered 293/4 inches above 
the floor, as shown in Figure 12-11—the rough- 
in sheet for this lavatory. 

Backing is also required to support the rough 
water piping. The installation of this backing will 
be elaborated on in the next sections of this 
chapter. 

Rough Water Piping. The concealed water 
supply piping is also installed as a part of the 
rough plumbing. For the example presented in 
this chapter, the plumber would be required to 
pipe the shower water supply fitting and the 
bathtub water supply fitting, and to provide 
water piping for the water closets and lavatories 
in the first-floor bathrooms. 

Shower Fitting. The shower water supply fit- 
ting illustrated in Figure 12-14 is assembled with 
1/2-іпсһ copper tubing and fittings, as illustrated 
in Figure 12-32. Half-inch copper 90° street el- 
bows and pieces of '/2-inch copper tubing ap- 
proximately 60 inches long are soldered to the 
shower fitting body. These pieces of copper 
tubing are long enough to pass down through 
the first floor to the basement ceiling below the 
joists, for connection to the water piping in the 
basement when it is installed. A piece of '/2-inch 
copper tubing approximately 24 inches long is 
extended from the top of the shower fitting up to 
a 1/2-іпсһ copper x 7/2-іпсһ female iron pipe 
(FIP) drop ell. This ell is the future connection for 
the shower arm. 

A piece of 1x4 board is nailed in the wall 
centered at 6 feet above the floor to provide 
backing for the drop ell. Another piece of 1x4 
board backing is required at the center of the 
shower fitting body to provide a firm support for 
anchoring the shower fitting. 

After the backing is installed, two ?/4-inch 
diameter holes may be drilled through the 2x4 
wall plate to permit the 60-inch pieces of copper 
tubing to pass through the floor into the base- 
ment. The shower fitting assembly may then be 
inserted into these holes and anchored to the 
backing. 
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Figure 12-32. Installation of the shower valve. 


300 Plumbing—Installation and Design 


Bathtub Fitting. The bathtub water supply 
fitting illustrated in Figure 12-8 is assembled 
with 1/2-іпсһ copper tubing and fittings, as illus- 
trated in Figure 12-33. As with the shower fitting, 
!/-inch. copper 90° street ells with pieces of 
!/-copper tubing approximately 40 inches long 
are soldered to the bath fitting body to extend 
through the floor into the basement. Another 
piece of '/2-inch copper tubing, approximately 
10 inches long, is soldered to the bottom outlet 
of the bath fitting. Onto this 10-inch piece of 
copper tubing, a '/2-inch copper 90° drop elbow 
and a piece of copper approximately 6 inches 
long are soldered to extend through the wall and 
provide the connection for the bathtub fitting 
spout. A piece of 1x4 board backing is placed in 
the wall, centered 4 inches above the bathtub to 
provide support for the drop ell. Another piece of 
backing is required at the center of the valve 
body to provide a firm support. 


After the backing is installed, two 3/4-іпсһ 
diameter holes may be drilled through the 2x4 
wall plate to permit the 40-inch pieces of copper 
tubing to pass through into the basement. The 
bath fitting assembly may then be inserted into 
these holes and anchored to the backing. 


Lavatory Water Piping. To provide the cold 
and hot water supply to the lavatories in each 
bathroom, four water pipe drops are constructed 
of 7/2-іпсһ copper tubing and drop ells, as illus- 
trated in Figure 12-34. These drops are made 30 
inches long to pass through the floor. They have 
6-inch pieces of copper to extend through the 
wall. Backing is provided 21 inches above the 
floor, and 3/4-inch diameter holes are drilled 
through the 2x4 floor plate, 4 inches to each 


side of the previously marked lavatory center 
lines in both the three-quarter and full bath- 
rooms. The water pipe drops are then inserted 
into these holes and fastened to the backing 21 
inches above the floor. 

Water Closet Water Piping. Two 24-inch 
long water pipe drops of the type illustrated in 
Figure 12-34 are constructed to provide water 
supply for the water closets. The backing is 
centered 10'/2 inches above the floor and 6 
inches to the left of the center of each water 
closet, as viewed in Figure 12-9—the water clos- 
et rough-in sheet. A 3/4-іпсһ diameter hole is 
drilled through the 2x4 floor plate 6 inches to 
the left of the center of each water closet. The 
water pipe drops may then be inserted into these 
holes and fastened to the backing. 


Installation of Roof Jackets 


The plumber furnishes the roof jackets, which 
are installed around the vent pipe terminals 
passing through the roof to make the roof water- 
tight. The installation of this jacket is usually the 
work of the roofer. However, the plumber places 
the necessary jackets over the vent terminals to 
seal these openings temporarily until the roof is 
shingled. 

In the example home in this chapter, the fol- 
lowing roof jackets are required: two 2-inch roof 
jackets for the kitchen sink and bathtub vent 
terminals; and one 3-inch roof jacket for the 
3-inch stack vent terminal. 

Note that the shower bath base, bathtub, bath- 
tub drain fitting and P-trap, water supply piping, 
and roof jackets installed in the previous sec- 
tions of this chapter are all part of the material 
necessary to install the rough plumbing. 
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Figure 12-34. Lavatory and water closet '/2-inch copper 
water pipe drops. 


(9) INSTALLATION OF 
THE BUILDING SEWER 
AND WATER SERVICE 


When developing suburban housing, it is com- 
mon practice for the developer to install the 
sanitary sewer, storm sewer, and water main 
pipes in the streets before the streets are paved 
or any homes built in the development. In colder 
areas of the country, the water main is buried 
beneath the street at a sufficient depth to prevent 
it from freezing. The sanitary sewer main is 
buried аға sufficient depth to allow all the homes 
to have a gravity flow building drain beneath the 
basement floor. 

When the mains in the street are being in- 
stalled, connections for both the sanitary sewer 
and the water service are piped to each home lot 
past the curb line. The water service is piped to 
the stop box and the sanitary sewer is piped to a 
point near the stop box. The locations of these 
connections are marked on the lot with a stake, 
and the location and depth of the connections 
are marked on master plans, which are kept at 
the municipal building department office. 


The locations of both the sanitary sewer con- 
nection and the water service stop box for the 
example home in this chapter are indicated on 
Sheet 1, the P/ot Plan. 


installation of the Building Sewer 


A number of factors must be determined be- 
fore the actual installation of the building sewer 
can begin—namely, the location and depth of 
the building drain outlet, the. depth of the sani- 
tary sewer connection at the lot line, and the 
grade or pitch of the building sewer. 

The depth of the building drain outlet for the 
example presented in this chapter has already 
been calculated as being 20 inches below the 
basement floor, and the building drain is 
assumed to be installed. However, if the building 
drain had not been installed, the plumber would 
have to calculate the proper depth and location 
for piping the building sewer to the building 
drain outlet. The method for determining the 
depth and location of the building drain outlet 
was described in a previous section of this 
chapter, "Layout of the Building Drain Trench." 

The depth of the building sewer at the front lot 
line must next be established. This depth is 
usually marked on a master sewer plan, which is 
kept at the municipal building department office. 
The plumbing contractor would normally be 
given this information (as well as the locations of 
the sewer and water connections to the lot line) 
at the time the permits are purchased for the in- 
stallation of the building sewer and water service. 
(These locations would be needed if the marking 
stake had been removed.) 

The depth of the building drain outlet and the 
depth of the sanitary sewer connection at the 
front lot line must be known to determine the 
grade of the building sewer. The total pitch 
(grade) of the building sewer may be found as 
the difference between the depth of the building 
drain outlet and the depth of the sanitary sewer 
connection at the front lot line. For example, if 
the basement floor is 6 feet 6 inches below the 
street grade and the building drain outlet is 1 
foot 8 inches below the basement floor, the 
building drain outlet will then be 8 feet 2 inches 
(98 inches) below the street grade. If the sanitary 
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Figure 12-35. Total pitch of the building sewer. 


sewer connection is 9 feet (108 inches) below the 
street grade, then the total pitch of the building 
sewer would be 108 inches minus 98 inches, or 
10 inches of total fall, as illustrated in Figure 
12-35. 

To arrive at the pitch per foot, the building 
sewer location must be given and its length 
determined. Referring to Sheet 1, the P/ot Plan, 
the plumber would measure from the front of the 
house to the marked sewer connection and find 
the length to be approximately 40 feet. The total 
pitch is divided by this figure. In this example, 
the 10 inches of pitch determined above, divided 
by the 40 feet of building sewer length, would 
equal 7/4 of an inch of pitch to each foot. 

The pitch of a building sewer is usually not 
less than 7/4 inch for each foot of length. Howev- 
er, should it be necessary because of certain job 
conditions, less pitch per foot may be allowed. 

sometimes a building sewer is found to have 
more pitch than 7/4 of an inch per foot. This is 
particularly true when a house sits high on the 
lot above the street. In Chapter 6, it was stated 
that it is undesirable to grade horizontal drain- 
age piping at more than 7/4 of an inch per foot 
because only the liquid tends to flow, leaving the 
solids in the waste pipe. If the pitch would be 
more than 7/4 of an inch per foot, the general 
procedure is to grade the building sewer at '/4 of 
an inch per foot backwards from the house to 
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the sewer connection at the lot line, and then to 
make the final connection to the sewer with the 
use of two '/s bends, as illustrated in Figure 
12-36. 

To help you better understand the many points 
that must be clearly understood before a plumb- 
er can proceed with the actual installation of a 
building sewer, a cross-section drawing of the 
building sewer is shown in Figure 12-37. This 
drawing shows the sewer connection at the lot 
line and the building sewer, and gives the numer- 
ical elevations necessary to complete the instal- 
lation. Reference to this drawing will be made 
frequently in the following paragraphs to explain 
the construction details more clearly. 

The blueprints, in most instances, indicate 
grades by means of whole numbers or whole 
numbers and decimals that are related to a grade 
referred to by building engineers as a bench 
mark. The bench mark, which is usually a small 
copper plate mounted on a concrete pier, indi- 
cates the height of the plate above sea level or a 
previously established grade. All land within а 
given area of this marker can be surveyed and 
may be found to be above or below the original 
mark. City engineers and architects signify the 
depth of public sewers, street grades, water 
main grades, sidewalk levels, and other public 
utilities, as well as building foundations, floor 
levels, landscape contours, and many other 
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Figure 12-36. Use of fittings to provide additional grade on 
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phases of building construction, as either above 
or below the fixed bench mark. 

In the municipality in which this example 
house was built, there is a bench mark of 900 
feet above sea level. The elevation of the first 
floor of the house is established as 909.9 feet, 
the street as 904.4 feet, the basement floor as 
901.1 feet, and the invert elevation of the sewer 
connection at the lot line as 895.7 feet. Most of 


Figure 12-37. Cross section of the building sewer installation. 


STREET 
ELEVATION 904.4 


SANITARY SEWER CONNECTION | 
| INVERT 895.7 


these figures were taken from Sheet 1, the Plot 
Plan. 

The builder of this home thus knows that the 
level of the first floor will be 9.9 feet above the 
bench mark when the home is completed. Like- 
wise, the sewer connection at the lot line (eleva- 
tion 895.7 feet) is 5.4 feet under the level of the 
basement floor which has an elevation of 901.1 
feet (901.1 feet — 895.7 feet — 5.4 feet). 
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(These elevations may confuse an uninformed 
reader, because they are given in decimals— 
tenths of a foot—rather than in feet and inches. 
This is surveyor's practice, and the plumber 
must convert them.) 

The invert elevation of the sewer connection at 
the lot line is 895.7 feet. The difference between 
this and the building drain invert of 899.4 feet is 
3.7 feet, or approximately 3 feet 8 inches. The 
total pitch of the building sewer divided by its 
length gives the pitch of the sewer per foot. For 
this example, 44 inches (3 feet 8 inches) divided 
by 40 feet of length equals 1.1 inch of pitch for 
each foot of sewer. Since this is far in excess of 
the recommended 7/4 inch per foot of pitch, the 
building sewer would be run at 1/4 inch pitch 
backwards from the house to the sewer connec- 
tion, and the final hookup made with two у 
bends, as shown on Figures 12-36 and 12-37. 

Trench Excavation. Having determined the 
location and depth of the sewer connection at 
the lot line and the location and depth of the 
building drain outlet, the plumber can instruct 
the operating engineer to begin excavating the 
trench with the backhoe. 

The operator would start excavating at the 
house, digging down to the depth of the building 
drain outlet. Care must be taken to avoid break- 
ing the building drain outlet pipe with the back- 
hoe. On reaching the depth of the building drain 
outlet, the operator would dig backwards with 
the backhoe toward the sewer connection at the 
street. The trench bottom would be graded ap- 
proximately 1/4 inch per foot until the operator 
reaches the area of the sewer connection. At this 
time, the trench is opened down to the depth of 
the sewer connection, which is approximately 3 
feet below the depth of the main part of the 
trench. 

The water service is usually installed in the 
same trench with the building sewer to save 
excavation expense. At this time, the trench 
would be opened wide enough to expose the 
water service stop box. This would complete the 
excavation of the trench for both the building 
sewer and water service. 

Installation of the Building Sewer. Once the 
trench has been excavated to expose the build- 
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ing drain outlet and the sewer connection at the 
lot line, the plumber may proceed to connect 
these two openings, as pictured on Figure 12-37. 

A length of 4-inch no-hub pipe would be 
joined to the building drain outlet, and additional 
lengths of pipe would be added, piping back 
down the trench to the sewer connection. 

The final hookup between the building sewer 
and the sanitary sewer connection would be 
made with two 4-inch no-hub '/s bends with a 
piece of pipe between them to make up the 
3-foot difference in elevation discussed previ- 
Ously. 

If the building drain had not been piped before 
the building sewer was installed, the plumber 
would have to tunnel underneath the footing and 
push a piece of 4-inch pipe into the house 
basement for the building drain connection. 


Installation of the Water Service. After in- 
Stalling the building sewer, the plumber would 
install the 3/4-inch copper tube water service. 
Starting at the house, one end of the coil of 
copper tubing would be pushed underneath the 
basement footing to the left of the building drain 
outlet. This end would be pulled up by the front 
main cleanout, approximately 12 inches above 
the finished floor level. 

The coil of copper would then be unrolled 
back down the trench to the stop box. When 
installing the copper tubing,.care must be taken 
not to kink it, because this would reduce the flow 
of water through the service and might even 
cause the service to leak. 

At the stop box, the copper tubing would be 
cut to length, and the flare connection made to 
the curb cock in the stop box. 

A 3/4-іпсһ copper flared gate valve would then 
be installed on the tubing end inside the base- 
ment near the front main cleanout. 

At this time, the building sewer and water 
service would be ready for the appropriate tests 
and inspection as detailed in Chapter 11. 

The trench can be filled with dirt after the 
proper tests and inspection have been made. To 
prevent damage to the sewer and water pipes, 
take care not to permit heavy rocks or large 
pieces of dirt to fall directly on them. | 
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[s] INSTALLATION OF 
THE FINISH PLUMBING : 


Finishing 
The term finishing is applied to the setting of 


the plumbing fixtures. Plumbing fixtures are set. 


after the rooms in which they are to be installed 
have been decorated and are ready to be occu- 
pied. (Note: the bathtub, shower base, and fiber- 
glass bathing modules and shower stalls are the 
only exceptions to this rule because they are 
built-in fixtures.) 

It is important that the plumber take extra care 
to set the plumbing fixtures properly, for the 
customer will judge the quality of workmanship 
of the entire plumbing installation by the appear- 
ance of the plumbing fixtures. 

Many plumbing installations have been criti- 
cized by the customer, even though the rough 
plumbing installation was perfect, because the 
manner in which the plumbing fixtures were 
installed was poor in comparison with the work- 
manship of the other trades. | 

The general methods employed in the setting 
of plumbing fixtures and appliances were dis- 
cussed in Chapter 10 and may be used for 
installing the fixtures and appliances specified in 
the home in this example. It should be empha- 
sized that before the plumbing fixtures and ap- 
pliances are set into place, each one must be 
carefully inspected for defects. 


Basement Water Supply System 


In homes of the type illustrated in this chapter, 
the water supply pipes in the basement are 
installed as a part of the finishing work. The 
basement water supply system for this home is 
a three-pipe system: cold hard water, cold soft 
water, and hot water. Figure 12-38 illustrates this 
basement water supply system. 

The water supply system is constructed with 
type M copper tubing and solder-joint fittings 
suspended from the basement ceiling joists. 
Figure 12-39 is a list of the pipe and fittings that 
would be used to construct this water supply 
system. Since these copper solder-joint fittings 
are small and inexpensive, it is recommended 
that the plumber have extra fittings on hand in 


308  Plumbing—Installation and Design 


case it is necessary to change the installation 
slightly from the way it is illustrated in Figure 
12-38. Conditions that cannot be forseen before 
starting the installation might necessitate such 
an alteration. Neglecting to have a sufficient 
amount of fittings on hand when they are needed 
results in costly delay. 

Cold Hard Water. With the proper material 
on hand, the plumber may proceed to install the 
basement water supply system, starting at the 
3/4-inch gate valve on the water service. Тһе 
water meter yoke is installed on top of this gate 
valve, and the water meter is installed in the 
yoke. From the top of the yoke, a piece of ?/4-inch 
copper tubing is extended to a ?/4-inch sweat 
gate valve to provide a valve on the outlet side of 
the water meter. А piece of 3/4-inch copper 
tubing is then extended up from the gate valve to 
a 3/4-inch copper 90? elbow near the ceiling that 
faces toward the rear of the house. 


1 — pound solder 
| 1 — pound can flux 
| 26 — 1/2" copper 90° ells 
2 — 1/2" copper drop ells 
14 — 3/4" copper 90° ells 
2 — 1/2" copper tees 
6 — 3/4" copper tees 
9 — 3/4 x 3/4 x 1/2 copper tees 
3 —3/4 x 1/2 x 3/4 copper tees 
2 —3/4 x 1/2 x '/2 copper tees 
4 — 1/2" copper couplings 
6 — 3/4" copper couplings 
2 —!/?" copper caps 
1 — 3/4" copper to male iron pipe adaptors 
2 —3/4" copper to female iron pipe adaptors 
1 — 3/4" copper meter yoke 
5--3/4” sweat gate valves 
3 — 3/4" sweat stop and waste valves 
3 — 3/4" sweat sill cocks 
2 — 1/2" sweat boiler drains 
80' — !/?" type “М” copper tube 
120’ — 3/4" type “М” copper tube 


Figure 12-39. Material required to pipe the water supply 
system illustrated in Figure 12-38. : 


A short piece of 3/4-іпсһ copper tubing joins 
this elbow with a 3/4-іпсһ tee. The side opening 
of the tee faces up into the second ceiling joist 
space (from the front of the house), to provide 
the cold water supply for the two sill cocks at the 
front of the house. The side opening of this tee is 
extended up to the side opening of another 
3/4-inch tee located up in the joist space. The 
end, or run, openings of this second tee are 
extended with 3/4-іпсһ tubing to 3/4-inch stop and 
waste valves to control the sill cocks. From the 
stop and waste valves, pieces of 3/4-inch copper 
tubing are extended through the side walls of the 
house to the 3/4-іпсһ sweat sill cocks located on 
the left and right sides of the house. 

Moving back to the first /4-inch tee on the cold 
hard water main, a length of 2/4-іпсһ copper 
tubing is extended, below the ceiling joists, 
toward the rear of the house. A 3/4-inch tee is 
provided in the line, with the side opening facing 
down, to supply cold hard water to the water 
softener. From the end of this tee, the cold hard 
water pipe is extended as 37/4-іпсһ size to ап 
offset constructed with four 3/4-inch 90? elbows 
and short pieces of 3/4-іпсһ tubing to convey the 
water up, over, and back down on the kitchen 
side of the steel support l-beam. 

On the kitchen side of the l-beam, a piece of 
3/4-inch copper tubing extends back toward the 
rear of the house below the ceiling joists. Near 
the back wall of the house, a 3/4x3/4x'/2 copper 
tee (commonly called 3/4х1/2) is placed facing 
the kitchen sink to provide cold hard water to 
the kitchen sink faucet. The end of this 3/4x 1/2 
tee is extended to a 7/4-іпсһ stop and waste 
valve. From the end of the valve, a piece of 
3/4-inch copper tubing is extended to two 3/4-inch 
90? ells to offset the pipe up into the joist space. 
From the second ell, a piece of 3/4-іпсһ copper 
tubing is extended through the back wall of the 
house to а Y/4-inch sweat sill cock. 

The side opening of the 3/,-x'/»-inch tee is 
then extended with '/2-inch copper tubing 
across the basement ceiling to a point beneath 
the kitchen sink. At this point, the pipe turns with 
a 1/2-іпсһ 90? ell and then is piped to another 
1/2-іпсһ 90? ell. This second ell is extended with 
1/2-іпсһ pipe up through the bottom of the kitch- 


en sink cabinet near the back wall, where it may 
be connected to the kitchen sink faucet. 

Since the kitchen sink in this home is located 
on an outside wall, the cold and hot water supply 
pipes to the kitchen sink faucet are piped up 
from the basement through the bottom of the 
kitchen sink cabinet rather than through the wall 
of the house to eliminate the possibility of freez- 
ing these pipes. 

At the 3/4-inch tee left to supply cold hard 
water to the water softener, a short piece of 
3/4-inch copper tubing is extended to a 3/4-inch 
90° ell and then across the ceiling to another 
3/4-inch 90? ell, which turns down to the water 
softener inlet. From this ell, 3/4-inch copper tub- 
ing is extended down to a ?/4-inch tee to provide 
a by-pass for the water softener. From the bot- 
tom of this tee, ?/4-inch copper tubing is extend- 
ed to a 3/4-inch gate valve to control the water 
entering the softener and then into the inlet of 
the water softener, which completes the installa- 
tion of the cold hard water piping. 

Cold Soft Water. The cold soft water piping 
starts at the outlet of the water softener. A piece 
of 3/4-inch copper tubing is extended up to a 
3/4-inch gate valve and then to a ?/4-inch tee for 
the other side of the softener by-pass. This tee is 
then connected to the other by-pass tee (previ- 
ously placed on the cold hard water pipe) with 
two short pieces of ?/4-inch tubing and a gate 
valve between them to complete the softener 
by-pass. 

From the by-pass tee, a piece of 3/4-inch cop- 
per tubing is extended up to a Y/4-inch 90° ell 
placed near the ceiling, which faces the water 
heater. À piece of 3/4-inch copper tubing extends 
from this ell toward the water heater. As this pipe 
passes the previously installed cold hard water 
main, a 3/4-inch tee is left with the side opening 
facing up approximately 4 inches to the left of 
the cold hard water main. 

The 3/4-inch cold soft water pipe then contin- 
ues to the water heater. At the heater, а ?/4x 1/2 х 
3/4 copper tee is placed to provide a '/2-inch cold 
water supply to the bathtub. The 2/4-іпсһ side 
opening of this tee is piped down through a 
3/4-inch gate valve and to a 3/4-inch copper to 
female iron pipe adaptor, which is threaded onto 
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the 3/4-inch cold water inlet nipple on the water 
heater to provide cold water to the water heater. 

The end of the 3/4x'/2x3/4 tee is then ex- 
tended as '/2-inch size to the '/2-inch copper 
tubing that was attached to the bathtub water 
supply fitting installed with the rough plumbing. 
These two 1/2-іпсһ pipes are then joined with a 
1/2-іпсһ 90° ell to complete the cold water supply 
to the bathtub. | 

Returning to the 3/4-inch tee placed to the left 
of the cold hard water main, a short piece of 
3/4-inch copper tubing is extended up to a 3/4- 
inch copper 90 degree ell at the same elevation 
as the cold hard water pipe. From this ell, a piece 
of 3/4-inch tubing is extended to a ?/4x'/? tee 
placed in line with the '/2-inch copper cold water 
supply to the shower valve. The shower valve 
pipe is then connected to this tee with two short 
pieces of '/2-copper tubing and two '/2-inch 
copper 90% ells. 

From this 3/4х1/2 tee, the cold soft water is 
piped 3/4-inch size to four °/4x'/2 tees to supply 
cold water for the water closet in the three- 
quarter bath, the water closet in the full bath, the 
vanity lavatory in the full bath, and the wall-hung 
lavatory in the three-quarter bath. Each of these 
tees is then connected with two short pieces of 
/2-іпсһ copper tubing and two '/2-inch copper 
90° ells to the '/2-inch copper water pipe drops 
installed for these fixtures at the time the rough 
plumbing was installed. 

A piece of ?/4-inch copper tubing is extended 
from the last °/4x'/2 copper tee to а 3/4 х 1/2 х 1/2 
tee located over the plumbing wall (the wall with 
the vent piping) in the future basement three- 
quarter bath. The side opening of this tee faces 
down into this future plumbing wall and is 
Capped with a short piece of '/2-inch copper 
tubing and a '/2-inch copper cap. 

The end opening of the 3/4х1/2х 1/2 tee is ex- 
tended with '/2-inch copper tubing across the 
ceiling to the laundry tray. At the laundry tray, 
the pipe is offset down and across to the laundry 
tray faucet with three '/2-inch copper 90° ells and 
pieces of '/2-inch copper tubing. Just above the 
laundry tray faucet, а '/2-inch copper tee is 
placed with the side opening facing the front of 
the house. This opening is extended with '/2-inch 
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copper tubing across the back edge of the laun- 
dry tray to a point approximately 12 inches past 
the edge of the laundry tray, and connected with 
а 7/-іпсһ copper drop ell to а '/2-inch sweat 
boiler drain. The drop ell is fastened to the wall 
to support the boiler drain. This boiler drain will 
be directly behind the automatic clothes washer 
to supply it with cold water. 

This connection completes the cold soft water 
piping. 

Hot Water. The installation of the hot water 
piping starts at the Y/4-inch hot water outlet 
nipple of the water heater. А ?/4-inch copper to 
female iron pipe adaptor is threaded onto the 
3/4-inch iron pipe size outlet nipple. From this 
adaptor, a piece of 3/4-inch copper tubing is 
extended up to a 2/4-іпсһ copper 90° ell near the 
ceiling. A piece of 3/4-іпсһ tubing extends from 
this ell over the '/2-inch cold water supply to the 
bathtub to а 3/4x /2x3/4 copper tee, the '/2-inch 
opening of which faces the‘'/2-inch hot water 
tubing on the bathtub water supply fitting. This 
1/2-іпсһ opening of the tee is then joined to the 
/2-inch hot water tubing on the bath fitting with 
a piece of '/2-inch copper tubing and a '/2-inch 
copper 90° ell. 

The 3/4-inch opening of the 3/4х '/2x?/4 tee is 
then extended with ?/4-inch copper tubing back 
toward the cold hard and cold soft water mains. 
At a point 4 inches to the right of the cold soft 
water main, another 3/4х 1/2 х 3/4 tee is placed, 
with the 3/4-inch end opening facing the front of 
the house and the '/2-inch end opening facing 
the rear of the house. The '/2-inch opening is 
extended toward the rear of the house with 
1!/5-inch copper tubing. At a point approximately 
4 inches toward the front of the house from the 
3/4-inch cold hard water pipe supplying the kitch- 
en sink and rear sill cock, the '/2-inch hot water 
pipe is offset up, over, and back down on the 
other side of the I-beam. On the other side of the 
l-beam, a piece of '/2-inch copper tubing is 
extended toward the rear of the house, 4 inches 
to the left of the cold hard water pipe. 

The '/»-inch hot water pipe then follows the 
previously installed cold hard water supply up to 
the kitchen sink faucet, running parallel and 
approximately 4 inches to the left of the cold 


water pipe. After the '/2-inch hot water line 
passes through the bottom of the kitchen cabi- 
net, а '/2-inch copper tee is left in the line to 
provide a hot water supply to the automatic 
dishwasher. The hot water may then be connect- 
ed to the kitchen sink faucet. 

Back at the 3/4х1/:х3/4 tee on the hot water 
pipe facing the front of the house, a piece of 
3/4-inch copper tubing is extended to a 3/4x / 
copper tee with the '/2-inch side opening of the 
tee directly beneath the '/2-inch hot water supply 
tubing connected to the shower valve. This tub- 
ing and the tee are then connected. 

From this tee, the 3/4-inch hot water pipe is 
extended to two 3/4 х 7/2 tees to supply hot water 
to the vanity lavatory in the full bathroom and the 
wall-hung lavatory in the three-quarter bath- 
room. These two tees are also connected to the 
hot water supply pipes for these fixtures which 
were installed as a part of the rough plumbing. 

A piece of 3/4-inch copper tubing is extended 
from the last 9/4x'/2 copper tee to a 3/4x 1/2 х 1/ 
tee located over the plumbing wall in the future 
basement 3/4 bathroom. The side opening of this 
tee, which faces down into the future wall, is 
capped with a short piece of '/2-inch copper 
tubing and а '/2-inch copper cap. 

The end opening of this 3/ax'/2x'/2 tee is 
extended with '/2-inch copper tubing to run 
parallel the '/2-inch cold water supply to the 
laundry tray faucet. Above the laundry tray fau- 
cet, a '/2-inch tee is also left in the hot water pipe. 
The side opening of this tee is extended with 
!/2-inch copper tubing across the back of the 
laundry tray to а '/2-inch drop ell and a '/2-inch 
boiler drain to provide a hot water connection 
for the automatic clothes washer. 

This completes the installation of the hot water 


piping. 


Water Pipe Test 


After the entire basement water supply system 
has been completed and all the plumbing fix- 
tures and appliances have been installed, the 
system should be filled with water to test it for 
leaks. Any leaks that are found must be repaired. 
It is usually not necessary to test water piping in 
homes of the type illustrated in this chapter with 
water pressure that exceeds that of the city water 
main. 


Final Air Test 


Upon completion of the installation of the 
finish plumbing, the house is ready for the fin- 
ished plumbing test. The methods for applying 
finished plumbing tests were described in Chap- 
ter 11, and the apprentice should refer back to 
that chapter for the testing method required by 
the local plumbing code. 

After the finished plumbing test, the plumber 
must remove all testing plugs placed in the roof 
vent terminals, or the effectiveness of the entire 
vent system will be seriously impaired. 


Final Cleanup 


The plumber should clean all the plumbing 
fixtures and appliances so that they will be ready 
for use by the homeowner. In addition, all the pack- 
ing cartons, paper, and other debris that ac- 
cumulated during the finishing operations must be 
removed. 

The plumber must leave for the homeowner all 
operating instructions and warranty papers that 
apply to the plumbing fixtures and appliances so 
that the homeowner will have these papers for 
the proper use of the plumbing fixtures and 
appliances. 
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[s] REVIEW QUESTIONS 

1. How does the plumber determine the layout 
of piping in a building? From what sources does 
he get measurements for roughing-in pipes? 

2. Who provides the lists of pipe, fittings, and 
fixtures? 

3. What parts of the plumbing system are 
included in a rough-in? What pipe is usually 
installed first? 

4. From what sources does the plumber get 
the data that is used to mark out locations and pipe 
measurements for fixtures? 

5. From what point does the plumber begin to 
lay the building drain? 

6. How high above the floor must the main 
cleanout shown in Figure 12-19 be extended? 
Why? 
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7. How many other cleanouts are provided in 
the drainage system shown in Figure 12-19? 
8. How is the depth of the building sewer 


trench determined? 


9. Obtain a set of blueprints for a small home 
and draw an isometric drawing of the sanitary 
drainage and vent piping (similar to Figure 12- 
19). List the material required to install this 
system. 

10. Draw an isometric sketch of the water 
supply piping in this home (similar to Figure 
12-38). List the material required to install this 
System. 


House Plans 
for 
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MATH FOR PLUMBERS 


This Math for Plumbers appendix contains calcula- 
tions and tabies that are useful for solving pro- 
blems encountered on the job. This appendix is 
divided in three sections: 


1. Basic math review 
2. Piping calculations 
3. Working with water 


Itis not the purpose of this appendix to teach basic 
math functions; however, the review section has 
been included to reinforce the understanding of 
these functions. 

The following signs and symbols are used in the 
calculations in this appendix: 


+ add 

subtract 

x multiply 

== divide 

= equals 

= approximately equal to 
Al2 is A + 2 


V A is square root of A 

А? is A squared: А? = А х А 

( )is parenthesis; work the calculations between 
these signs 


FRACTIONS 


Since most of the measurements that plumbers 
work with on a job involve fractional parts of an 
inch, it is necessary for a plumber to be able to per- 
form calculations with fractions. 

When working with fractions, remember that a 
fraction is a part of one. The fraction '/4is one 


Appendix 


fourth of one; !/sis one eighth of one; and the is 
one sixteenth of one. 

In a fraction, the number above the fraction bar 
is the numerator and the number below the frac- 
tion bar is the denominator. 

Example: 


3 numerator 
8 denominator 


fraction bar 


Calculations with fractions involve three types 
of fractions: proper fractions (sometimes called 
common fractions), improper fractions, and mixed 


numbers. 
A fraction with a numerator smaller than its 


denominator is a proper fraction; ?/s is a proper 
fraction. 

A fraction with a numerator larger than its 
denominator is an improper fraction; %sis an im- 
proper fraction. 

A fraction that has both a whole number and a 
proper fraction is a mixed number; 1'/sis a mixed 
number. 


Changing a Mixed Number to an Improper 
Fraction: 


Multiply the whole number by the denominator 
and add the result to the numerator. Write this 
number over the denominator. 

Example: Change 6°/s to an improper fraction. 

Solution: 


5 6x8 5 48 + 5 53 
6— = ——— + — = — = — 
8 8 8 8 8 
neue. = Ре 
8 8 
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Changing an Improper Fraction to a Mixed 
Number: 

Divide the numerator by the denominator. The 
number of times that the denominator may be di- 
vided into the numerator is the whole number, and 
the remainder is the numerator of the proper frac- 
tion. Use the original denominator as the de- 
nominator of the proper fraction. 

Example: Change '?/s to a mixed number. 


Solution: 


18 = 19 + 8 = 2, remainder 3 = 2 

8 8 
Answer: к == 2” 
8 8 


Changing а Fraction to Higher Terms with a 
Given Denominator: 


Divide the new denominator by the original 
denominator and multiply the original numerator 


by this result to obtain the new numerator. 
Example: Change ?/eto sixteenths. 


Solution: 
2 2 
8 16 
8 = бр = а тана 
2x8 16 
Answer: — = 2 
16 


Reducing a Fraction to the Lowest Terms: 


Find the largest number that can be divided in- 
to both the numerator and the denominator without 
leaving a remainder. Divide both the numerator and 
denominator by this number to obtain the new 


fraction. 
Example: Reduce 77/2 to the lowest terms. 


Solution: 

12 e 4 3 

go 4 8 

Answer: 12 = 3 
32 8 


In this example the number 4 can be divided іп- 
to both the numerator and the denominator without 
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leaving a remainder. ?/s is at the lowest terms 
because no other number can be divided into both 


3 or 8 without having a remainder. 


Note: Any mathematical problem that has a frac- 
tion for an answer must have the answer reduced 


to its lowest terms. 


ADDING FRACTIONS 


Adding Fractions with the Same Denominator: 


Add all the numerators together and reduce to 


the lowest terms. 
Example: Add ?/s, "/s, and °/s. 


Solution: 
3 7 5 15 7 
әсет -еш-- 
8 8 8 8 8 
Answer: У ar L 1980 ые. 
8 8 8 8 


Adding Fractions with Different Denominators: 


Change all the fractions to a common denom- 
inator, then add all the numerators together. 


Heduce to the lowest terms. 
Example: Add 7/2 + 1/4. 


Solution: 
ETE 
2 4 
1 2 
+ — = — 
Say e 
3 
4 
Answer — - a = а. 
2 4 4 
Example: Ааа 5/в, 5/16, апа 1/2. 
Solution: 
ота UR 
8 16 
S 2 _ 
16 16 
1 8 
+ — = —— 
2 16 
23 777 7 
16 16 
Answer: — m a с 8 
16 2 16 


Adding Mixed Numbers: 


First, change all fractions to a common 
denominator (when necessary) Add all whole 
numbers, then add all fractions. If the addition of 
the fractions result in an improper fraction, convert 
the improper fraction to a mixed number and then 
add this to the whole number obtained in step one. 
Reduce to lowest terms when necessary. 

Example: Add 37/8 and 27/16. 


Solution: 
әш 28 
8 16 
16 16 
B 
16 
Answer: a + zug = s 
16 16 
Example: Add 436 апа 13/4. 
Solution: 
4 9 " 9 
16 16 
ion 3 , J2 
4 16 
Па: CORO CON 
16 16 16 
Answer: 4— + | == сток 
4 16 


SUBTRACTING FRACTIONS 


Subtracting Fractions with the Same 
Denominator: 


Subtract one numerator from the other and 
reduce to the lowest terms. 
Example: Subtract 7/4 from ?/s. 
(344 — 114) 
Solution: 


Subtracting Fractions with Different 
Denominators: 


Change all the fractions to a common denom- 
inator, then subtract one numerator from the other 
and reduce to the lowest terms. 

Example: Subtract 1/3 from 3/4. 

(3/4 — Ma) 


Solution: 

SEE 

4 12 

NT CS 

з 012 

_9_ 

12 
Answer: E — is = E 
4 3 12 


The common denominator in this problem is 12, 
since both 3 and 4 can be divided into 12 without 
leaving a remainder. 


Subtracting Mixed Numbers: 


First, subtract the fractions (borrowing one from 
the whole number when necessary), then subtract 
the whole numbers. Combine the results from the 
fractions and the whole numbers. 

Example: Subtract 11/2 from 22/4. 


(23/4 — 11/2) 
Solution: 
23 = 23 
4 4 
ӨЛШ әре 
ОКР РЕСЕ 
Een 
4 
Answer: 2 — — Е = i) a 
2 4 
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Example: Subtract 25/6 from 55/8. 
(45/8 — 22/6) 


Solution: 

fo „зз = ee 
8 24 24 24 24 
2-5 2920 . 2.20 _ 20 
6 24 24 24 
119 
24 

Answer: qe - 29 j- 

8 6 24 


The common denominator in this problem is 24. 
Since 20/24 can not be subtracted from '%/24, one 
whole number is borrowed from 4, leaving 3. This 
1 is changed to 24/24 and added to the existing 15/24, 


giving a total of 38/4, and then subtraction can 
proceed. 


MULTIPLYING FRACTIONS 


Multiplying a Fraction and a Whole Number: 


Multiply the numerator of the fraction by the 
whole number. 


Example: Multiply З by "8. 


(3 x Je) 
Solution: 
а, de = 6 1 Р 3 
8 8 8 
1 3 


Answer: 3 x — = — 
8 


Multiplying Fractions: 


Multiply the numerators of each fraction to- 
gether. Then multiply the denominators of each 
fraction together. Reduce to lowest terms if neces- 
sary. 

Example: Multiply 5/s by 3/4. 


(le x 3/4) 
Solution: 
Eo У 3 рс o Seals 
8 4 8x4 32 
Answer: — x 3 E 15 
4 32 
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Multiplying Mixed Numbers: 


Change both mixed numbers to improper frac- 
tions, then multiply the improper fractions as in the 
previous example. 

Example: Multiply 3'/a by 17/2. 

(308 02) 


. Solution: 
еле c Ne INE IUD 
8 2 8 2 16 16 
АА x ya = gals 
8 2 16 


DIVIDING FRACTIONS 


Division calculations involve dividing the first 
number (dividend) by a Second number (divisor) to 
obtain an answer (quotient). When the numbers are 
shown in problem form, they are arranged as fol- 


lows: 2 1 1. 
4- ==, 
DIVIDEND DIVISOR QUOTIENT 


Dividing a Fraction by a Whole Number: 


Multiply the denominator of the fraction by the 
whole number. 


Example: Divide 3/4 by 2. 


(34 + 2) 
Solution: 
3 E ES 3 
4 4x2 8 
Answer: Бо = 2 = 3 
4 8 


Dividing a Whole Number by a Fraction: 


Invert the fraction (place the denominator above 


the numerator) and multiply the new fraction by the 
whole number. 


Example: Divide 2 by 3/4. 


(2 + 3/4) 
Solution: 
"m ee mE 
4 1 3 3 3 
Answer: 2 + — = 224 


Dividing a Fraction by a Fraction: 


Invert the divisor and proceed as in multiplying 
fractions. 
Example: Divide '/1e by 1/3. 
(he + 1/3) 


Solution: 
1 1 1 3 3 
-E e — х—=—_ 
16 3 16 1 16 
Answer: E = ul = 3 
16 3 16 


Dividing Mixed Numbers: 


Change the mixed numbers to improper frac- 
tions, invert the divisor, and multiply. Reduce to 
lowest terms if necessary. 

Example: Divide 85/s by 22/3. 

(85/3 — 2213) 


Solution: 
зо ез 225 
8 5) 8 3 
69 а 207 _ 3 15 
8 8 64 64 
Answer: 8— - 2- RN 
8 64 
DECIMALS 


Since many of the formulas a plumber works with 
involve decimal numbers, it is necessary for a 
plumber to be able to work with decimals. 

A decimal number can be broken down into its 
various parts: 


6.625 
WHOLE P ae OF THE WHOLE 
NUMBER 
DECIMAL 
POINT 


Decimal numbers, like fractions, are a part of a 
whole number. A decimal number can be thought 
of as a fraction whose denominator is 10, 100, 1000, 


or other multiples of ten, depending upon the num- 


ber of decimal places. 


Commonly used decimal numbers are in the 
following multiples of ten: 


1 = one tenth 
01 = one hundredth 
.001 = one thousandth 


0001 = one ten-thousandth 


To aid in reading a decimal number it may help 
to convert the decimal to a fraction. Use the 
decimal (without the decimal point) as the 
numerator with the number one and a zero for each 
decimal place as the denominator. 

Example: Translate .5, .25, .750 and .0625 into 

fraction form, and write out in words. 

Solution: 


5 = 5ho = five tenths 

25 = 25/100 = twenty-five hundredths 

ТОО = seven hundred fifty 
thousandths 

0625 = 625/0000 = six hundred twenty-five 
ten-thousandths 


750/1000 = 


Adding of Decimals 


To add decimal numbers, arrange the figures so 
that the decimal points are in line vertically, then 
proceed as in ordinary addition. (If some numbers 
have fewer digits behind the decimal point than 
other numbers, it may help to add zeros to these 
numbers so that all the numbers contain the same 
number of decimal places.) 

Example: Add 7.25, 29.375, 5.5, and 17.625. 

(7.25 4 29.375 4 5.5 4 17.625) 

Solution: 


7.250 (one zero added) 
29.375 

5.500 (two zeros added) 
17.625 


59.750 


Answer: 7.25 + 29.375 + 5.5 + 17.625 = 59.75 
Note: Dropping the last zero does not change the 
value of this number. 


Subtracting Decimals 


To subtract decimal numbers, arrange the fig- 
ures so that the decimal points are in line vertical- 
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ly, then proceed as in ordinary subtraction. (It may 
be helpful to add zeros as in the previous example). 
Example: Subtract 18.5 from 49.125. « 
(49.125 — 18.5) 
Solution: 


49.125 
18.500 (two zeros added) 


30.625 


Answer: 49.125 — 18.5 = 30.625 


Multiplying Decimals 


To multiply decimal numbers, multiply the two 
numbers together. Then add up the total number 
of decimal places in the two original numbers and 
mark off this many places in the answer starting 
from the right side. 

Example: Multiply 1.4142 by 1.5. 

(1.4142 x 1.5) 

Solution: 


1.4142 (four decimal places) 
x 1.5 (one decimal place) 


70710 
14142 


2.12130 (five decimal places) 


Answer: 1.4142 x 1.5 - 2.1213 
Note: Dropping the last zero does not change the 
value of this number. 


Dividing Decimals 


Division calculations, using the long division 
method, involve dividing the number inside the 
bracket (dividend) by the number to the left of the 
bracket (divisor) to obtain the number above the 
bracket (quotient). 

To divide a whole number by a decimal number, 
use the following procedure. Move the decimal 
point in the divisor to the extreme right. Add as 
many zeros to the dividend as number of places the 
decimal point in the divisor has been moved. Place 
a decimal point after the last zero. Proceed to divide 
as in long division. 

Example: Divide 156 by 1.5. 

(156 — 1.5) 
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Solution: 
104. 


1.5.) 156.0, 


One zero is added to 156 because the decimal 
point in the divisor is moved to the right by one 
place. 


Answer: 156 — 1.5 = 104 


To divide a decimal number by a whole number, 
place the decimal point in the quotient directly 
above the decimal point in the dividend and pro- 
ceed as in ordinary long division. 

Example: Divide 1.4142 by 2. 

(1.4142 - 2) 

Solution: 

‚071 


2) 1.4142 


Answer: 1.4142 + 2 = .7071 


To divide a decimal number by another decimal 
number, move the the decimal point in the divisor 
to the extreme right, then move the decimal point 
in the dividend to the right as many places as it was 
moved in the divisor. Proceed with long division. 

Example: Divide 1.4142 by .7071. 

Solution: 


2 
7071.) 1.4142. 


Тһе decimal point was moved to the right four 
places in both the divisor and dividend. 
Answer: 1.4142 ~ .7071 = 2 


DECIMALS AND FRACTIONS 


The blueprints drawn by architects and 
engineers give the building and piping elevations 
in feet and decimals of a foot. Plumbers work with 
feet and inches. Therefore, it is necessary for a 
plumber to know how to change decimal parts of 
an inch to their equivalent fractional parts of an 
inch, feet and inches to decimal parts of an inch, 
and feet and inches to decimals of a foot and 
inches. 


Changing a Fraction of an Inch to a Decimal: 


Divide the numerator by the denominator. Before 
performing this division, place a decimal point to 
the right of the dividend and add as many zeros as 
necessary to carry out the division evenly or as far 
as desired. 

Example: Change '/ inch and ?/s inch to a 
decimal number. 

Solution: 

‚375 


‚25 
"а = 4) 1.00 в = 8) 3.000 


Answer: 1/4 іпсһ = .25 inch 
3/3 inch .375 inch 


Changing a Decimal Inch to a Fraction: 


Multiply the decimal number by the numerator 
of a fraction that has the same numerator and 
denominator. If the resulting numerator is not a 
whole number, round off to the nearest whole 
number. Reduce the answer to lowest terms. 

Example: Change .734 inch to a fraction. 

Solution: 


nod x E E 200 
8 8 
ЕЕ Е can be rounded to = and reduced 
to E 
4 


Answer: .734 inch is approximately equal to 3/4 
inch. 


Changing a Decimal Inch to a Fraction with a 
Given Denominator: 


Multiply the decimal number by the numerator 
of a fraction that has a numerator the same as the 
given denominator. If the resulting numerator is not 
a whole number, refer to Table A-1, Decimal Equiv- 
alents of Common Fractions, and choose the 
nearest fractional equivalent. 

Example: Change .187 inch to a fraction with a 
denominator of 16. 

Solution: 


487 x jor 2992 


16 16 


Refer to Table A-1, Decimal Equivalents of 
Common Fractions. 


21992 3 
16 16 


10 


Answer: .187 inch is approximately equal їо 3/16. 


Changing an Inch Measurement to a Decimal of 
a Foot: 


Change the fraction of an inch to a decimal 
number, leaving the whole number intact. Divide 
the number to be changed by 12 to obtain the 
decimal measurement. 

Example: Convert 93/4 inches to a decimal of a 
foot. 

Solution: 


93/4 inches = 9.75 inches 
975 = 12 = 8125 feet 


Answer: 93/4 inches = .8125 feet 

Note: See Table A-2, Decimal Equivalents of Inch 
Measurements, for fractions and whole numbers 
and their equivalent decimals of a foot. 


Changing a Decimal of a Foot to an Inch 
Measurement: 


Multiply the number to be changed by 12. Con- 
vert the decimal number to a fractional equivalent 
(if necessary). 

Example: Convert .75 feet to inches. 

Solution: 


.75 x 12 = 9 inches 


Answer: .75 feet = 9 inches 

Note: If the multiplication results in any places 
after the decimal point, round off and consult Table 
A-1. 


PIPING CALCULATIONS 


Single-line Pipe Offsets 


A plumber’s most frequent application of math 
on the jobsite is calculating a single-line pipe off- 
set. An offset is a combination of pipe fittings that 
brings a section of pipe out of one line but into a 
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line parallel with another section. Figure A-1 il- 
lustrates a single-line pipe offset and a comparison 
of this offset to a right triangle. As with a right 
triangle, the length of any of the sides 
of a pipe offset may be calculated if the angle of 
the fittings used and the length of one of the other 


sides is known. 


ALTITUDE 


Figure A-1. A single-line pipe offset can be compared to a right 
triangle. 


The hypotenuse (travel) is the distance from the 
first offset fitting to the second offset fitting. The 
base (offset) is the distance the pipe is offset from 
its original position to the new position. The alti- 
tude (advance) is the distance between the two off- 
set fittings. The sides of the triangle are renamed 
for plumbing applications and shown in Figure A-2. 


ALTITUDE 


B 
ADVANCE 


A 
OFFSET 


Figure A-2. Sides of a right triangle renamed with plumbing 
terms. 
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For most applications, the plumber is usually in- 
terested in calculating the length of the travel 
piece. The angle of the fittings to be used and the 
length of either the offset or advance must be 
known in órder to calculate this length. For most 
piping installations the offset measurement is 
known. 

Figure A-3 illustrates the six pipe fitting angles 
used by plumbers to pipe offsets. As in shown in 
this figure, the degree or fitting angle is measured 
from the vertical plane. 


111/4 degree elbow or '/32 bend 
22'/ degree elbow ог !/1e bend 
45 degree elbow or '/s bend 
60 degree elbow or 7/6 bend 
72 degree elbow or 7/5 bend 
90 degree elbow or 1/4 bend 


VERTICAL 
11-1/,9 OR '/3; BEND 
22-'1,° OR '/,s BEND 
452 OR 11, BEND 
60? OR '/, BEND 


72° OR '/, BEND 


90? OR '/, BEND 


Figure A-3. The six pipe fitting angles used by plumbers to pipe 
offsets. Note that the fitting angles are measured from the 
vertical. 


For every fitting angle shown in Figure A-3, there 
is a corresponding constant that is multiplied by 
the known measurement to find the length of the 
unknown measurement. The constants for the pipe 
fitting angles illustrated in Figure A-3 are listed in 
Table A-3, Constants for Single-Line Pipe Offsets. 
The third column of this table, "Travel = Off- 


set x , will be used the majority of the time. In 
fact, since the 45 degree elbow ог '/s bend is the 
most common offset fitting used by plumbers, it 
is advisable to memorize this constant (1.414). 

Note that there is no constant for a 90 degree 
elbow ог 1/4 bend, because the length of the travel 
piece for this fitting is equal to the length of the 
offset. 

The following examples illustrate the use of 
Table A-3: 

Example 1: What is the center-to-center length 
of the travel piece of a 45 degree elbow with an off- 
set of 22 inches? 

Solution: 


Table A-3, 45? elbow or '/s bend fitting: 
Travel - Offset x 1.414 

Travel 22 x 1.414 - 31.108 inches 
Travel = 31.108 = 311/s inches 


Answer: The center-to-center length of the travel 
piece is 317/в inches (31.108 is rounded to 31.125 
and found in Table A-1). 

Example 2: What is the center-to-center length 
of the travel piece of a 7/6 bend fitting with an off- 
set of 32 inches? 

Solution: 


Table A-3, 60? elbow or 7/6 bend fitting: 
Travel = Offset x 1.155 

Travel 32 x 1.155 - 36.96 inches 
Travel 36.96 = 361/16-inches 


Answer: The center-to-center length of the travel 
piece is 36'5/1e inches. 

The lengths calculated in the previous two ex- 
amples are both referred to as center-to-center (C- 
C) measurements. However, to use the C-C 
measurements, the plumber must subtract twice 
the end-to-center measurement to obtain an end- 
to end (Е-Е) measurement. Figure A-4 illustrates the 
difference between these two measurements. 

To figure the correct end-to-end measurement of 
a piece of pipe, follow this procedure: 

Step 1. Calculate the center-to-center measure- 

ment by using the appropriate constant 
from Table A-3. 

Step 2. Subtract the end-to-center (E-C) meas- 

urement for each offset fitting as deter- 


mined by either measuring the fitting or 
from the fitting manufacturer's catalog. 
Step 3. For threaded fittings only, add the ap- 
propriate thread makeup from Table 5-1. 


Figure A-4. The center-to-center length is equal to the end-to- 
end length plus twice the end-to-center length. 


Example 3: Determine the end-to-end (E-E) length 
of the travel piece if the offset is 22 inches and it 
is made with 1-inch 45 degree copper elbow fittings. 

Solution: 


1. Travel = 31!/s inches C-C from Example 1 
calculation. 

2. 1-іпсһ copper 45 degree elbows measure 
3/3 inch E-C (from fitting catalog). 

Therefore, the E-C length for two 1-inch 45 
degree elbows = ?/4 inch 

(3/3 x 2-45 degree elbows) 


Answer: 305 inches is the Е-Е length. 


Example 4. Determine the end-to-end (E-E) 
length of the travel piece if the offset is 32 inches 
and it is made with 2-inch 7/6 bend no-hub fittings. 
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Solution: 
1. Travel = 3615/16 inches C-C from Example 
2 calculation. | 
2. 2-inch no-hub 1/6 bends measure 3'l-inches 
E-C (from fitting catalog). 
Therefore, the E-C length for two 2-inch no-hub 
!ls bends = 6'/2-inches 
(31/4 x 2-16 fittings) 


ое сд 
16 16 

су MES ко 
2 16 
s 

16 


Answer: 30 = inches is the E-E length. 


Multiple Pipe Offsets 


When two or more runs of pipe are installed 
parallel to each other, good workmanship requires 
that the center-to-center distance between the 
pipes (spread ) remain uniform. If it is necessary 
to offset a multiple run of piping, the offset elbows 
must be properly located in relationship to each 
other to maintain an equal spread. 

Figure A-5 illustrates a triple line 45 degree off- 
set. To locate the 45 degree offset fittings proper- 
ly to maintain an even spread, the plumber must 
calculate the difference in the length of the pipes 
and add (or subtract) this measurement to (or from) 
the other pipes. 

Table A-4, Uniform Spread Constants for Multi- 


ple Pipe Offsets, lists the constants that are used 
to calculate this difference in length, as well as the 


offset constants for calculating the travel piece 
length. 

The calculation of a multiple pipe offset with 

equal spread requires the following procedure: 

Step 1. Determine the spread (S). 

Step 2. Multiply this measurement by the "ип|- 
form spread constant" from Table A-4 
for the type of fitting used to obtain the 
difference in length (d). 

Step 3. Make each of the pipes in the run the 
length “а” longer than the pipe next to 
it. 
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SPREAD 
DIFFERENCE IN 
PIPE LENGTH 


S 
d 


Figure A-5. Uniform spread is an indication of good 
workmanship. 


Example: Two pipes running 8 inches C-C are to 
be offset 24 inches with 45 degree elbows. Space 
the pipes evenly throughout. Determine the dif- 
ference in length of the two pieces of pipe and the 
C-C length of the travel pieces. 

Solution: (Part 1) 


1. Spread (S) - 8 inches 
2. From Table A-4, !/s bends: 


d = S x 414 
О = 05 z Ala 
а = 3.312 = 35/16 inches 


Answer: The second piece of pipe should be 
35/16 inches longer than the first piece. 
Solution: (Part 2) 


1. The travel pieces for each of the pipes is 
calculated by multiplying the offset by 1.414. 
Travel — offset x 1.414 
Travel - 24 x 1.414 
Travel = 33.936 = 3315/16 


Answer: The length of all travel pieces will be 
3315/16 inches C-C. 

Note: |f there were more than two pipes to be in- 
stalled in the previous example, the difference in 
length (d) would be added to each pipe in the in- 
stallation. However, the travel pieces would all re- 
main the same. 


Rolling Offsets 


The rolling offset is another type of offset that 
is frequently used by a plumber. A rolling offset is 
an offset in which the centerline of the pipe 
changes direction both horizontally and vertically. 
Figure A-6 illustrates a rolling offset made with two 
45 degree fittings and shows the terms associated 
with rolling offsets. This figure uses two additional 
offset terms: 

Rise is the vertical distance the pipe is offset. 
Spread is the horizontal distance the pipe is 
offset. 


Figure A-6. A rolling offset may be constructed with two 45 
degree elbows. 


To determine the length of the travel piece in a 
rolling offset, the plumber must know the length 
of the rise and the spread and make two 
calculations: 

1. The offset length is calculated by taking the 
square root of the sum of the rise length 
squared plus the spread length squared. 


Offset = V rise? + spread? 


2. The offset length is multiplied by the ap- 
propriate constant for the fitting being 
used from Table A-5, Constants for Rolling 
Offsets Using the Same Fittings, to deter- 
mine the length of the travel piece. 


Example: Determine the length of travel piece for 
a 45 degree rolling offset if the rise is 5 inches and 
the spread is 12 inches. 


Solution: 
Step 1: Calculate the offset. 


Offset - V rise? -- spread? 
Offset = у 52 + 12? 
Offset = у 25 + 144 


Offset = у 169 = 13 inches 


Step 2: Calculate the length of the travel 
piece. 


Travel - offset x 1.414 
Travel 13 x 1.414 
Travel = 18.382 = 183/в inches 


Answer: The length of the travel piece is 
183/s inches C-C. 

Note: The lengths of the rise and spread dimen- 
sions in this example were chosen so that the 
square root answer would be an even number. It is 
recommended that a plumber performing square 
root calculations purchase an inexpensive pocket 
calculator to use in this type of problem. 

A rolling offset using a 45 degree wye and a 60 
degree elbow is very common in plumbing installa- 
tions. When this combination of fittings is used to 
pipe an offset, the rise and spread lengths are 
always equal and the travel piece is twice this 
length. Figure A-7 illustrates this offset with the for- 
mula for calculating the length of the travel piece. 


RISE = SPREAD 

TRAVEL = RISE x 2 
OR 

TRAVEL = SPREAD x 2 


| ADVANCE — 


NOTE: THE 60° ELL COULD 
ALSO FACE OUT HORIZONTALLY 
ALONG THE LINE A-B. 


Figure A-7. A rolling offset constructed with a 45 degree wye 
and a 60 degree elbow is commonly used. 
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Example: Determine the length of the travel piece 
in a rolling offset made with a 45 degree wye and 
а 60 degree elbow if the rise is 97/2 inches. 

Solution: x 


Travel 2 rise x 2 


Travel = 91/2 x 2 = 19 inches 


Answer The length of the travel piece is 
19 inches. 


Calculating Pitch or Grade 


The calculation of pitch (grade) for drainage 
piping is frequently used on a plumbing job. Pitch 
calculations use the three factors which are il- 
lustrated in Figure A-8. 

The pitch (P) is the slope of a line of pipe in 
reference to the horizontal plane. As applied to 
plumbing drainage pitch it is usually expressed as 
the fall in a fraction of an inch per foot length of 
pipe (for example, 7/4 inch/foot). The fa// (F) is the 
amount the line of pipe drops in its given length, 
and is measured in inches. (The term drop is also 
used for fall.) The /ength (L) of the pipe run is 
measured in feet. (The term run is also used for 
length.) This length equals the horizontal distance 
the pipe covers, not the actual pipe length. 

Figure A-8 illustrates the formula circle that is 
used for the calculation of pitch in plumbing when 
fall is in inches; length is in feet; and pitch is in 
inches per foot. To use the formula circle, cover the 
unknown and perform the calculation shown. For 
example, cover F and the calculation is L x P. 
Cover L, and the calculation is F/P or F + P. Cover 
P, and the calculation is F/L or F + L. 


HORIZONTAL PLANE 


FALL (F) 


Ші 


LENGTH == ш 


F IN INCHES 
L IN FEET 
P IN INCHES/FOOT 


Ре x 
L = БЈР 
P- FIL 07, 


Figure А-8. Plumbers should be familiar with pitch terms апа 
formulas. 
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The following examples illustrate three types of 
pitch calculations a plumber may encounter on the 
job. | 

Example 1: What is the fall on a run of 44 feet 
of pipe аї 1/4 inch/foot of pitch? 

Solution: 


Fall 2 Length x Pitch 


Р = P 


Р = 4% x - - 11 inches 


Answer: There is an 11-inch fall. 

Example 2: What is the length of a horizontal 
run of pipe that falls 27 inches at a pitch of 
Мв inch/foot? 

Solution: 


Length = Fall + Pitch 


LS Е 
шер, s 
8 
8 
| —20 E: — 216 feet 


Answer: 216 feet of pipe will be needed. 

Example 3: What is the pitch of a drainage line 
run if it falls 21 inches in 336 feet? 

Solution: 


Pitch = Fall + Length 


Бет аде 
e 8 21 - 336 - 2 - 0 inch/foot 
336 16 


Answer: The pitch of the drainage line will be 
!he inch/foot. 

Architects and engineers may specify that a 
drainage pipe line be run at a given percent grade 
(Vo grade) instead of giving a pitch in inches per 
foot of run. A percent grade is the fall (in feet) per 
100 feet of pipe run. 

To determine the fall in a length of pipe when the 
percent grade is given, multiply the length of the 
run by the percent grade. 


Fall 2 Length x % grade 


Example: What is the fall on 75 feet of drainage 
pipe run at 2% grade? 
Solution: 


Fall = Length x % grade 
Е = L x % grade 

Eom (oe 25 

F = fo x 02 = 1.5 feet 


Answer: The fall of the drainage pipe run is 
1.5 feet. 


Changing Percent Grade to the Equivalent 
Fractional Grade in Inches per Foot: 


1. Divide the percent grade by 100 and 


multiply this answer by 12 to obtain the 
decimal equivalent. 


Pitch = (% grade + 100) x 12 


2. Find the nearest fractional equivalent 
from Table A-1. 
Example: A 1% grade is equivalent to what pitch 
in inches per foot? 
Solution: 


Pitch = (% grade + 100) x 12 


Р = (1 + 100) x 12 
1 
Р = ( ) х 12 
100 
Р = 01 x 12 = 122 E inchifoot 


Answer: A 1% grade approximately equals '/s 
inch/foot. 


Changing Pitch in Inches per Foot to Percent 
Grade: 


Change the fractional pitch to a decimal of an 
inch by dividing by 12 and multiplying this 
answer by 100. 


% grade - (Pitch - 12) x 100 


Example: Change ‘/s-inch/foot pitch to its 
equivalent percent grade. 
Solution: 
%grade = (Pitch + 12) x 100 


% grade = E - 12) x 100 
1 
% grade - ШТ x E x 100 
2 1 
/o grade - I me x 100 


% grade = 0206 x 100 = 2.08% 


Answer: ‘/4-inch/foot pitch is approximately 
equal to 2% grade. 


WORKING WITH WATER 


Although water is the substance most often con- 
veyed in pipes which a plumber installs, plumbers 
know very little about its physical properties. All 
matter is in the form of either a solid, a liquid, or 
a gas. Water is a substance that is соттоп- 10 near- 
ly every person in all three of these forms: 

It is a solid as in ice 
It is a /iquid as in water 
It is a gas as in steam 

At sea level these changes in water take place 
at the following temperatures: 

Water freezes at 32? Fahrenheit (F). 
Water boils at 212? Fahrenheit (F). 

Water, like all other matter, takes up space and 
has weight. One cubic foot of water weighs approx- 
imately 62'/2 pounds. Since one cubic foot con- 
tains 1728 cubic inches, and one gallon contains 
231 cubic inches; one cubic foot of water contains 
approximately 71/2 gallons of water (1728 + 231 = 
711»). Each gallon of water weighs approximately 
8'/ pounds. (621/2 — 71/2 = 81/3). 

Water obtains its maximum density at 39.1? 
Fahrenheit (F). Because of its physical properties 
it expands when it is either heated or cooled from 
this temperature. This expansion when warming or 
cooling from 39.1? F may cause many problems for 
the plumber. 

When water freezes it expands approximately 
81/3% of its original volume. 1595 cubic inches of 
water will expand to 1728 cubic inches or one cubic 
foot of ice. This cubic foot of ice would weigh about 
57112 pounds or 5 pounds less than one cubic foot 
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of water. (This is the reason that ice floats on 
water.) 

If a pipe full of water freezes, this expansion of 
water turning to ice exerts a pressure of nearly 2000 
pounds per square inch on the sides of the con- 
tainer. This force is what causes pipes filled with 
water to burst when they freeze. 


Water also expands and becomes lighter іп 


weight when heated. It expands 4'/2% as the 
temperature rises from 32? F to 212? F (This expan- 
sion is approximately a one gallon increase in 
volume for each 23 gallons of original volume.) 

The more heat that is applied to a container of 
water the lighter the water becomes until the water 
turns to steam. One cubic foot of steam weighs 
.037 pounds and the water contained in the steam 
has expanded to nearly 1700 times its original 
volume. 

When water is under pressure, as it is in the 
potable water distribution system of a building, the 
boiling point of water rises above 212° F in propor- 
tion to the increase in pressure. Water heated 
above 212? F is called superheated water. 

If the pressure on a container of superheated 
water were to be suddenly released by a break in 
a pipe or the rupture of a water heater tank, this 
superheated water would try to turn into steam. In 
the process of turning to steam, it would expand 
1700 times. This amount of expansion of water 
when it changes to steam can cause an explosion 
in water heating devices. Table A-6, Boiling Points 
of Water Under Pressure, lists a number of gauge 
pressure readings and the corresponding boiling 
points of water. Note that the approximate 
temperature at which 50-50 solder will melt is also 
indicated. This is significant because solder may 
be used on water pipe distribution. 


Water Pressure 


Chapter 9 “Sizing Water Supply Piping” states 
that there must be sufficient water pressure to raise 
water in a building to the required height with 
enough pressure left to properly operate all the 
plumbing fixtures. 

Figure A-9 illustrates a tank of water which 
measures 12" x 12" x 12" and weighs approx- 
imately 62'/2 pounds. If the bottom of this tank is 
divided into 1-inch squares there would be 144 
squares (12 x 12 - 144) each 1-foot high. Each of 


344 


Figure A-9. A one cubic foot tank of water weighs approximate- 
ly 62% pounds. A column of water measuring one inch by опе 
inch by one foot weighs .434 pounds. 

these 1-inch squares full of water 1-foot high would 
weigh .434 pounds (621/2 + 144 = .434). The base 
of the tank would have a pressure of .434 pounds 
per square inch exerted on it. 

This pressure of .434 pounds per square inch is 
constant no matter what shape the container may 
take. Any column of water 1-foot high exerts the 
same pressure of .434 pounds per square inch (psi) 
on the base. 

A column of water is called a head of water by 
plumbers. A container with 1-foot of water in it has 
a head of 1-foot, a container with 2-feet of water 
in it has a head of 2-feet, etc. Since pipe is con- 
sidered a container, there is a pressure of .434 psi 
exerted on the base of a pipe which extends 1 foot 
vertically. The diameter of the pipe has no effect 
on the pressure—the pressure is only affected by 
the vertical length of the pipe. 

Another way to express .434 psi of pressure for 
each foot of head is to state that eacn 2.3 feet of 
head equals 1 psi of water pressure (2.3 x .434 - 
1). If a column of water 1-foot high exerts a pressure 
of .434 psi, then a pressure of .434 psi will force 
water 1-foot up a pipe and a pressure of 1 psi will 
force water 2.3-feet up a pipe. From this it is evi- 
dent that for every increase in 1-foot of height there 
is a loss in pressure of .434 psi or a loss of 1 psi 
for every 2.3 feet of height. 

The plumber may encounter two types of prob- 
lems dealing with head on the jobsite. The plumber 


will need to know how: 
1.To find pressure when the head (height) is 
known, and 


Pressure - head x .434 


2. To find feet of head equivalent to a given 
pressure. 


Head = pressure x 2.3 


The following examples illustrate the two types 
of pressure/head problems that may be 
encountered. 

Example 1. How much pressure (in pounds per 
square inch) is created by a head of 76 feet 
6 inches? 

Solution: 


Pressure - head x .434 
Pressure = 76 feet 6 inches x .434 


Pressure - 76.5 x .434 - 33.201 psi 
Answer: 33.201 psi will be created. 


Example 2. A pressure of 65 psi is equivalent to 
how many feet of head? 


Solution: 
Head = pressure x 2.3 
Head = 65 x 2.3 = 149.5 feet 


Answer: 149.5 feet of head. 


Table A-7, Pressure and Head Equivalents, lists 
various heads and pressure equivalents. The table 
also includes the two formulas used to calculate 
pressure/head problems. 


AREA AND VOLUME 


Table A-8, Area and Volume Formulas, list area 
and volume formulas that may be useful to a 
plumber. The following examples illustrate the use 
of these formulas. 


Area of a Square or Rectangle 
To find the area of a square or rectangle, multiply 
the length (L) by the width (W). 
Area = L x W 


Example: How many square feet are there ina 
room that measures 35 feet long and 21 feet wide? 
Solution: 
Lx М 
35 x 21 = 735 square feet 


Area 


Area 


Answer: The area of the room is 735 square feet. 


Area of a Circle 


The area of a circle may be found by using either 
of the two following methods; one of which uses 
the diameter of the circle and the other uses the 
radius (half of the diameter) of the circle: 

Method 1. Multiply .7854 by the diameter 
squared (D?). 


Area - .7854 x D? 
Method 2. Multiply 3.1416 by the radius squared 
(r?). 


Area = 3.1416 x г 
Example: What is the area of a circle with a 


4-inch diameter? 
Method 1 Solution: 


Area = .7854 x D? 
Area = .7854 x 4? 
Area = .7854 x 16 = 12.5664 square inches 


Answer: The area of the circle is 12.5664 square 
inches. 
Method 2 Solution: 
Area = 3.1416 x г? 
3.1416 x 2? 
Area = 3.1416 x 4 = 12.5664 square inches 


Area 


Answer: The area of the circle is 12.5664 square 
inches. 
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Volume of a Square or Rectangular Tank 


To find the volume of a square or rectangular 
tank, multiply the length (L) by the width (W) by the 
height (H). 

Volume = L ХМ x H 


Example: What is the volume of a rectangular ` 


tank 10 feet long, 3 feet wide, and 5 feet high? 
Solution: 
Volume = Lx Мх Н 


Volume = 10 x 3 x 5 = 150 cubic feet 


Answer: The volume of the tank is 150 cubic feet. 


Volume of a Cylindrical Tank or Pipe 


To find the volume of a cylindrical tank or pipe, 
multiply .7854 by the diameter squared (D?) in 
inches by the height (H) in feet. 


Volume - .7854 x D? x H 


Note: The length of pipe (L) may be substituted 
for the height (H). 

Example: What is the volume of a cylindrical tank 
18 inches in diameter and 36 inches high? 

Solution: 


Volume = .7854 x D? x H 


Volume ТОБА Х 18° х 36 


Volume - .7854 x 324 x 36 - 9161 cubic 
inches 


Answer: The volume of the tank is 9161 cubic 
inches. 
Conversion of Cubic Feet to Gallons of Water 


There are 71/2 gallons in every cubic foot of 
water. To convert a volume of water in cubic feet 
to the equivalent gallons multiply the volume by 
A 


Volume = cubic feet x 7!/» 


Example: What is the capacity (in gallons) of a 
rectangular tank with a volume of 150 cubic feet? 
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Solution: 


Volume = cubic feet х 71/2 


Volume 150 x 71/2 = 1125 gallons 


_ Answer: The capacity of the tank is 1125 gallons. 


Conversion of Cubic Inches to Gallons of Water 


Every gallon of water contains 231 cubic inches. 
To convert a volume in cubic inches to the 
equivalent gallon capacity, divide the volume by 
231. 


Volume = cubic inches + 231 
Example: What is the capacity (in gallons) of a 


cylindrical tank containing 9160 cubic inches? 
Solution: | 


Volume cubic inches + 231 


Volume - 9160 - 231 = Sees gallons 


Answer: The capacity of the tank is 39.6537 
gallons. 


Volume of a Pipe 


To find the volume (in gallons) of a given length 
of pipe, multiply .0408 by the inside diameter 
squared (D?) by the length (L) in feet. 


Volume = .0408 x D? x L 
Example: What is the capacity, in gallons, of a 


3-inch pipe that measures 15-feet long? 
Solution: 


Volume = .0408 x D? x | 


Volume (0408) x 3? x 15 


Volume 


.0408 x 9 x 15 = 5.508 gallons 


Answer: The capacity of the pipe is 5.508 gallons. 

Note: When calculating problems involving the 
capacity of pipe, it is helpful to know that doubling 
the diameter of a pipe increases the volume four 
times for each unit of length. 


Weight of Water in a Pipe 


To find the weight of water in a pipe, multiply .34 
by the diameter squared (D?) by the length (L) in 
feet. 


Weight = 34x D? x L 


Exampie: What is the weight of the water con- 
tained in a 6-inch pipe that is 5-feet long? 


Solution: 


Weight = .34 x © x 5 
Weight 34 x 36 x 5 = 61.2 pounds 


Answer: The weight of the water is 61.2 pounds. 

Table A-9, Pipe Contents, lists the volume in 
cubic inches, the gallons per foot, and the weight 
of water per foot for one-foot lengths of pipe 
'/4-inch to 15-inch size. 
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| Table А-2 
Decimal Equivalents of Inch Measurements 


‘Decimals-of Inches 
a Foot 


Table A-1 
Decimal Equivalents 
of 
Common Fractions 


Fraction Decimal 
(inches) Equivalent 
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Table А-3 
Constants for Single-Line Pipe Offsets 


Fitting Angle | Travel = Travel = Advance = Advance = Offset = Offset = 
(Degrees) Offset x Advance x Offset x Travel x Advance x Travel x 


Table A-4 
Uniform Spread Constants 
for Multiple Pipe Offsets 


= | Table А-6 
Fitting | Fitting | Difference | Travel - Boiling Points of Water 
Angle in Length: | Offset x Under Pressure 


(Degrees) а = Sx 


Temperature 
(ӘҒ) 


Gauge Pressure 
(psi) | 


5 - Spread 
d - Difference іп 
Pipe Length 
Table A-5 


Constants for Rolling Offsets 
Using the Same Fittings 


Offset = у Spread? + Rise? 


Fitting | Travel — 
Offset x 


Approximate Melting 
Point of 50-50 Solder 
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Table А-7 
Pressure and Head Equivalents 
(Table based on water at 62.5 pounds per cubic foot) 


Pressure 
(pounds per 
square inch) 


Pressure 
(pounds per 
square inch) 


о оо Јо о о 


4 
2 
3 
4 
5 
6 
7 
8 
9 
0 


=k 
— 


Pressure - head x .434 


Head = Pressure x 2.3 
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Table А-8 
Area and Volume Formulas 


Square or Rectangle 


L = length W = width 


Area = L x W 


Circle 
D = diameter r = radius 
Area = .7854 x D? 
Or 
Area =o 1410 X T 


Square or Rectangular Tank 


L = length W = width H = height 


Volume = L x W x H 


Cylindrical Tank or Pipe 


О = diameter Н = height L = length 
(L may be substituted for H) 


Volume - .7854 x D? x H 


Changing volume in cubic feet to galions: 


Volume = cubic feet x 7/2 


Changing volume in cubic inches to gallons: 


Volume = cubic inches + 231 


Finding the volume in gallons of a given length 


of pipe: 


D = diameter in inches L = length in feet 


Volume = .0408 x D^ x L 


Finding the weight of water in a pipe: 


D = diameter in inches L = length in feet 


Weight = 34 x D? x L 


Table A-10 
Weight of Water 


Temp. Wt. Per Wt. Per 
Deg. F. Cu. Ft. Gallon 


Table A-9 
Pipe Contents 


for 1-Foot of Length 


Inside Cubic Gallons Wt. of 
Diameter Inches Water 
in Pounds | 


| 


ELEM 
NEN 
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Table A-11 


inders and Tanks 


ies of Cyl 


Capac 


=> 
оо OND mr] 
ы 


ay mS ems А у 
ль сом ~ 


16 
We 
18 
19 
20 


~ 
= 


Capacities, in U.S. Gallons, of Cylinders and Tanks 
of Various Diameters and Lengths 


Length of Cylinder 


Diam. 
inches 


= 
со о со-ч со | льом ~ 


c c cse 
сл Coh 


CN cu у cus 
о со ~ о 


~ 
о 
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Table A-12 
Squares and Square Roots of Numbers from 1 Through 100 


[ae [se Tse in een Sin 


Square Root | No. | 


1 1 1.00000 7.14148 
2 4 1.41421 7.21110 
3 9 1.73205 7.28011 
4 16 2.00000 7.34847 
5 25 2.23607 7.41620 
6 36°” 2.44949 7.48331 
7 49 2.64575 7.54983 
8 64 2.82843 7.61577 
3.00000 7.68115 
3.16228 7.74597 
3.31662 7.81025 
3.46410 7.87401 
3.60555 7.93725 
3.74166 8.00000 
3.87298 8.06226 
4.00000 8.12404 
4.12311 8.18535 
4.24264 8.24621 
4.35890 8.30662 
4.47214 8.36660 
4.58258 8.42615 
4.69042 8.48528 
4.79583 8.54400 
4.89898 8.60233 
5.00000 8.66025 
5.09902 8.71780 
5.19615 8.77496 
5.29150 8.83176 
5.38516 8.88819 
5.47723 8.94427 
5.56776 9.00000 
5.65685 9.05539 
5.74456 9.11043 
5.83095 9.16515 
5.91608 9.21954 
6.00000 9.27362 
6.08276 9.32738 
6.16441 9.38083 
6.24500 9.43398 
6.32456 9.48683 
6.40312 9.53939 
6.48074 9.59166 
6.55744 9.64365 
6.63325 9.69536 
6.70820 9.74679 
6.78233 9.79796 
6.85565 9.84886 
6.92820 9.89949 
7.00000 9.94987 
7.07107 10.00000 


Square Root 
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Table A-13 · 
Linear Expansion of Piping 


Inches of Expansion for 100 Feet of Pipe 
Wrought 
Iron . Copper Cast Iron 
.000 .000 .000 .000 


3062 
.124 


Temp. 
Deg. F. 


Air gap (Drainage System)— The unobstructed 
vertical distance through the free atmo- 
sphere between the outlet of a waste pipe 
and the flood level rim of the fixture or 
receptacle into which it is discharging. 


Anchors — See Supports. 


angle valve 


Angle valve —A globe valve in which the inlet 
and outlet openings are at 90? angles to one 
another. 


Anti-syphon trap —4A trap which is designed to 
prevent the syphonage of its water seal by 
increasing the diameter of the outlet leg of 
the trap so that it contains a sufficient volume 
of water to prevent a syphoning action. 

Apprentice plumber— One who is learning by 
practical experience the plumbing trade. 

Area drain—A receptacle designed to collect 
surface or storm water from an open area. 

Backflow — Тһе flow of water in pipes in а re- 
verse direction from that normally intended. 

Backflow preventer—A device to prevent back- 
flow. 

Backing— Wood or other supports placed in the 
building walls to which plumbing fixtures can 
be attached. i 


Glossary 


Back pressure — See Positive pressure. 

Back vent— See /ndividual vent. 

Backwater valve—A type of check valve in- 
stalled to prevent the backflow of sewage 


from flooding the basement or lower levels of 
a building. 


bag trap 


Bag trap—A water seal trap which has a shape 
resembling an inflated bag. 


Ball cock—A faucet valve that is opened and 
closed by the fall or rise of a ball floating on 
the surface of a container of water whose 
elevation is controlled wholly or in part by the 
faucet valve. 


Ball valves — A valve in which the flow of fluid is 
controlled by a rotating drilled ball that fits 
tightly against a resilient (flexible) seat in the 
valve body. 


Basket strainer—A kitchen sink drain fitting 
consisting of a strainer body attached to the 
drain opening at the bottom of the sink com- 
partment апа a removeable basket (also called 
a crumb cup). The strainer body has a strain- 
er across the drain outlet. Also called a duo- 
strainer. 


Bathtub—A receptacle for water that is shaped 
to fita human body in which a person bathes. 


Battery of fixtures—Any group of two or more 
similar adjacent fixtures which discharge into 
a common horizontal waste or soil branch. 
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bell trap 


Bell їар— А trap consisting of an inverted bell 
with a water seal. 


Bell or Hub— That portion of a pipe which, for a 
short distance, is sufficiently enlarged to re- 
ceive the end of another pipe of the same 
diameter for the purpose of making a joint. 


Bidet—A low set bowl equipped with cold and 
hot running water which is used especially 
for bathing the external genitals and posteri- 
or parts of the body. 


Boiler drain—A valve connected at or near the 
bottom of a boiler or tank for the purpose of 
draining and/or flushing. 


Branch— Any part of the piping system other 
than a riser, main, or stack. 


Branch interval—A vertical length of stack at 
least eight-feet high (it corresponds in gener- 
al to a story height), within which the hori- 
zontal branches from one story or floor of the 
building are connected to the stack. (That is, 
one branch interval equals one floor of 
plumbing fixture drains.) 


Branch vent—A vent pipe connecting two or 
more individual vents with either a vent stack 
or a stack vent. 


Building drain— That part of the lowest piping of 
the drainage system that receives the dis- 
charge from soil, waste, and other drainage 
pipes inside the walls of the building and 
conveys it to the building sewer. 


Building drain branch — A soil or waste pipe that 
extends horizontally from the building drain 
and receives only the discharge from fixtures 
on the same floor as the branch. 
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Building sanitary drain— A building drain which 
conveys sewage only. 


Building sanitary sewer—A building sewer 
which conveys sewage only. 


Building sewer— That part of the drainage sys- 
tem that extends from the end of the building 
drain and conveys its discharge to the public 
sewer, private sewer, individual sewage- 
disposal system, or other point of disposal. 


Building storm drain—A building drain that 
conveys storm water but no sewage. 


Building storm sewer—A building sewer that 
conveys storm water but no sewage. 


Building sub-drain— That portion of a drainage 
system which cannot drain by gravity into the 
building sewer. 


Building supply pipe— The first section of water 
supply piping in a building after the water 
meter. 


Butterfly valve—A valve with a rotating disk (the 
butterfly) that fits within a shaft-controlled 
valve body. In its closed position, the disk 
seats against a resilient seat. A butterfly valve 
is opened or closed by only a 90* turn of the 
handle. 


Change in direction— The term applied to the 
various turns that may be required in drain- 


age pipes. 


IL. 
[© Ї 


— 


| 


swing check valve 


| 


lift check valve 


Check valve — А valve that permits the flow of 
water within the pipe in опіу one direction 
and closes automatically to prevent backflow 
(the flow in a reverse direction). 


Cleanout— А fitting with a removable plate or 
plug that is placed in plumbing drainage pipe 
lines to afford access to the pipes for the 
purpose of cleaning their interior. 


Combination sewer—A sewer which conveys 
both sewage and storm water. 


common seal P-trap 


Common seal P-trap—A P-trap with a water seal 
depth of 2 to 4 inches. 


Common vent—A vent connecting at the junc- 
tion of two fixture drains and serving as a 
vent for both fixture drains. Also called a unit 
vent. 


Compression faucet—A faucet in which the 
flow of water is shut off by means of a washer 
that is forced down (or compressed) onto its 
seat. 


Compression stop— A non-rated globe valve. 
Conductor— See Rainwater leader. 


Continuous vent—A continuous vent is a verti- 
cal vent that is a continuation of the drain to 
which it connects. 


Continuous waste — А waste from two or more 
fixtures (or compartments of the same fix- 
ture) connected to a single trap. 


Core cock—A type of valve through which the 
flow of water is controlled by a circular core 
or plug that fits closely in a machined seat. 
This core has a part bored through it to serve 
as a water passageway. Also called plug 
valve. 


Corporation cock or corporation stop— А valve 
placed on the water main to which the build- 
ing water service is connected. 


Crown of a trap— That part of a trap in which the 
direction of flow is changed from upward to 
downward. 


Crown vent— А vent pipe which is connected at 
the topmost point in the crown of a trap. 


CROWN WEIR 


crown weir 


Crown weir—The highest part of the inside 
portion of the bottom surface at the crown of 
a trap. 


Curb cock or curb stop— А valve placed on the 
water service usually near the curb line. 


Dead end— А branch leading from a soil, waste, 
or vent pipe, building drain, or building sewer 
and terminating at a developed length of 2 
feet or more by means of a plug, cap, or other 
fitting. 


4" DEEP 
SEAL 


deep seal P-trap 


Deep seal P-trap—4A P-trap with a water seal 
depth of more than 4 inches. 


Developed length— The length of pipe mea- 
sured along the center line of the pipe and 
fittings. 

Dip of a trap— The lowest portion of the inside 
top surface of the channel through a trap. 


Dishwasher — Ап electric appliance for washing 
dishes. 


Downspout— See Aainwater leader. 
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Drain— Апу pipe which carries waste water or 
water-born wastes in a building drainage 
system. ` 

Drainage fixture unit (dfu)—A common mea- 
sure of the probable discharge into the drain- 
age system by various types of plumbing 


fixtures on the basis of one dfu being equal to : 


7.5 gallons per minute discharge. The drain- 
age fixture-unit value for a particular fixture 
depends on its volume rate of drainage dis- 
charge, on the time duration of a single 
drainage operation, and on the average time 
between successive operations. 


Drinking fountain—A fixture that delivers а 
stream or jet of drinking water through a 
nozzle. This stream of water is delivered at an 
upward angle so that the user of the fixture 
may drink from the fountain without the use 
of a cup. 


3.x 6 
DWV PLASTIC 


drum trap 


Drum trap—A trap whose main body is a cylin- 
der with its axis vertical. This cylinder is larger 
in diameter than the inlet or outlet pipe. 


Duo strainer—See Basket strainer. 


Durham system—A term sometimes used to 
describe a soil or waste pipe system which is 
constructed of threaded pipe, tubing, or 
other rigid construction using recessed 
drainage fittings corresponding to the type of 
piping. 

DWV—The abbreviation for drainage, waste, 
and vent. 


Female thread—A thread on the inside of a pipe 
Or fitting. 


Finishing— Work done after roughing-in. Usuai- 
ly means the actual installation or setting of 
the plumbing fixtures and appliances. 
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Fixture branch—A water supply pipe between 
the fixture supply pipe and a water distribut- 
ing pipe. 

Fixture drain—The drain from the trap of a 
fixture to the junction of that drain with any 
other drain pipe. 


Fixture supply—A water supply pipe connecting 
the fixture with the fixture branch pipe. 


Flood level гіт — Тһе top edge of a plumbing 
fixture or receptacle from which water over- 
flows. 


floor drain 


Floor drain —4A receptacle used to receive water 
that is to be drained from the floor into the 
drainage system. 


Floor-set— Refers to a plumbing fixture that 
rests on the floor. 


Flow pressure— The pressure in the water sup- 
ply pipe near the faucet or water outlet while 
the faucet or water outlet is wide open and 
flowing. 


Flow rate— Тһе volume of water used by a 
plumbing fixture in a given amount of time. 
Usually expressed in gallons per minute 
(gpm). 

Flush— To wash out by drenching with a large 
amount of water. 


Flush valve—A device located at the bottom of a 


flush tank for flushing water closets and simi- 
lar fixtures. 


Flushometer valve — A device which discharges 
a predetermined quantity of water to fixtures 
for flushing purposes and is actuated by 
direct water pressure. 


Front main cleanout— A plugged fitting located 
near the front wall of a building where the 
building drain leaves the building. The front 
main cleanout may be either inside or directly 
outside of the building foundation wall. 


Full-bath — A bathroom containing a water clos- 
et, a lavatory, and a bathtub. 


Garbage disposal—An electric grinding device 
used with water to grind food waste into pulp 
and discharge these wastes into the drainage 
system. 


Gas, sewer— The mixture of vapors, odors, and 
gases found in sewers. 


Gas cock—A core-type shutoff device used to 
control the flow of gas. Usually a lever han- 
dle valve. 


gate valve 


Gate valve—A valve that controls the flow of 
fluid moving through the valve by means of a 
gatelike wedge disk that fits against smoothly 
machined surfaces, called seats, within the 
valve body. 


globe valve 


Globe valve—A compression type valve in 
which the flow of water is controlled by 
means of a circular disk that is forced (com- 
pressed) onto or withdrawn from a ring—the 
seat—surrounding the opening through 
which water flows. 


Grade or pitch— The fall (slope) of a line of pipe 
in reference to a horizontal plane. As applied 
to plumbing drainage pitch is usually ex- 
pressed as the fall in a fraction of an inch per 
foot length of pipe (for example, 7/4 inch per 
foot). 


Half-bath — A bathroom containing a water clos- 
et and a lavatory. 


Hangers — See Supports. 


Header— A pipe of many outlets. The outlets are 
usually parallel and at 90? to the centerline of 
the header. 


Horizontal branch drain—A drain pipe extend- 
ing horizontally from a soil or waste stack or 
building drain with or without vertical sec- 
tions or branches, which receives the dis- 
charge from one or more fixture drains on the 
same floor as the horizontal branch and con- 
ducts it to the soil or waste stack or to the 
building drain. 

Horizontal pipe—Any pipe or fitting which 
makes an angle of less than 45 degrees with 
the horizontal. 
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Hose Bibb—A faucet to which a hose may be 
attached. 


HUB 


hub 


Hub— The bell end or enlarged end of a cast iron 
or vitrified-clay pipe. See Bell. 


Indirect waste pipe — А waste pipe that does not 
connect directly with the drainage system but 
conveys liquid wastes by discharging into a 
plumbing fixture, interceptor, or receptacle 
which is directly connected to the drainage 
System. 


Individual vent—4A pipe installed to vent an 
individual fixture trap. It may terminate either 
into a branch vent, a vent stack, a stack vent, 
or the open air. Individual vents are also 
called back vents because they are common- 
ly installed directly in back of the fixtures they 
serve. 


Invert— The lowest portion of the inside of any 
horizontal pipe. 


Journeyman plumber—A plumber who has 
served his apprenticeship. One who does 
plumbing work for another for hire. 


Kitchen sink—A shallow, flat bottom, fixture 
that is used in the kitchen for cleaning dishes 
and in connection with the preparation of 
food. 


Laundry tray— A fixed tub, installed in a laundry 
room of a home, that is supplied with cold 
and hot water and a drain connection, which 
is used for washing clothes and other house- 
hold items. 


Lavatory—A fixture designed for washing of the 
hands and face which is commonly found in 
bathrooms and rest rooms. 


Length of pipe— See Developed length. 
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Line vent —A vertical vent connected to a hori- 
zontal waste pipe. Also called a continuous 
vent. 

Main— The principle pipe artery to which 
branches may be connected. 


Main vent— The principle artery of the venting 
system to which vent branches may be con- 
nected. 


MALE THREAD 


as 


male thread 


Male thread—A thread on the outside of a pipe 
or fitting. 

Master plumber—A person holding a master 
plumber's license who may be engaged in the 
business of plumbing as a contractor, install- 
er, or aS an employer of journeyman and 
apprentice plumbers. 


Minus pressure— See Negative pressure. 

Mop basin—A floor set service sink. Also called 
a mop receptor. 

Negative pressure — А pressure within a pipe 


that is less than atmospheric pressure. Also 
called a minus pressure. 


offset 


Offset —A combination of elbows or bends 
which brings one section of the pipe out of 
line but into a line parallel with the other 
section. 


Overrim bathtub fitting— А faucet assembly and 
a mixing spout mounted on the drain end of 
the bathtub with the spout above the flood 
level rim of the tub. 


Pipe—A cylindrical conduit or conductor, the 
wall thickness of which is sufficient to receive 
a standard pipe thread. May be installed plain 
end, threaded or grooved. 


Pitch— See Grade. 
Plug valve—See Core cock. 


Plumbing—Plumbing is the art of installing 
pipes, fixtures, and other apparatus in build- 
ings for bringing in the water supply and re- 
moving waste water and water-carried waste. 


Plumbing appliance — A special class of plumb- 
ing fixture intended to perform a special 
function. 


Plumbing fixture—A receptacle for wastes 
which are ultimately discharged into the sani- 
tary drainage system. 


Plumbing fixture trim—The water supply and 
drainage fittings which are installed on the 
fixture to control the flow of water into the 
fixture and the flow of waste water from the 
fixture to the sanitary drainage system. 


Plumbing system—The plumbing system of a 
building includes the water supply distribut- 
ing pipes; the fixtures and fixture traps; the 
soil, waste, and vent pipes; the building drain 
and building sewer; the storm water drain- 
age; with their devices, appurtenances, and 
connections within the building and outside 
the building within the property line. 


Piumbing wall— The wall in a building in which 
the plumbing pipes are installed. Usually the 
wall directly behind the plumbing fixtures in a 
bathroom. 


Pius pressure — See Positive pressure. 


Port control faucet—A single handle, noncom- 
pression faucet that contains within the fau- 
cet body a port for both cold and hot water 
and some method of opening and closing 
these ports. 


Positive pressure—A pressure within the sani- 
tary drainage or vent piping system that is 


greater than atmosphericpressure. Also called 
plus pressure. 


Potable water—Water free from impurities present 
in amounts sufficient to cause disease or harmful 
physiological effects. Its bacteriological and 
chemical quality shall conform to the requirements 
of the state board of health. 


Potable water supply system— The water ser- 
vice pipe, the water distributing pipes, and 
the necessary connecting pipes, fittings, con- 
trol valves, and all appurtenances within the 
building or outside the building within the 
property lines. 


Pressure-reducing valve — An automatic device 
used for converting high, fluctuating inlet 
water pressure to a lower constant pressure. 
This valve is also called a pressure-regulating 
valve. 


Private or private иве--іп the classification of 
plumbing fixtures, private applies to fixtures 
in residences and apartments, and to fixtures 
in private bathrooms of hotels, as well as 
similar installations in other buildings where 
fixtures are intended for use of one family or 
an individual. 


P-trap 


P-Trap—4A P-shaped trap commonly used on 
plumbing fixtures. 


Public or pubiic иве--іп the classification of 
plumbing fixtures, public applies to fixtures 
in general toilet rooms of schools, gymnasi- 
ums, hotels, railroad stations, bars, public 
comfort stations, and other installations 
(whether pay or free) where fixtures are in- 
stalled so that their use is similarly unre- 
stricted. 
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Rainwater leader—A pipe inside the building 
that conveys storm water from the roof to a 
storm drain. Also called a conductor or 
downspout. 


Regular seal trap— See Common seal trap. 


Relief valve — А safety device that automatically 


provides protection against excessive tem- 
peratures, excessive pressures, or both. See 
also Temperature and pressure relief valve. 


Relief vent — А vent whose primary function is to 
provide additional circulation of air between 
drainage and vent systems or to act as an 
auxiliary vent on a specially designed system. 


Riser—4A water supply pipe that extends verti- 
cally one full story or more to convey water to 
fixture branches or to a group of fixtures. 


ROOF DRAIN 
RN Sa 
Мі M M I 
—————— CNN 


roof drain 


Roof drain—A drain installed to receive water 
collecting on the surface of a roof and to 
discharge it into a rainwater leader, conduc- 
tor, or downspout. 


Roof jacket or flange —4A jacket or flange in- 
stalled on the roof terminals of vent stacks 
and stack vents to seal this opening to pre- 
vent rainwater from entering into the building 
around the vent pipe. 

Rough-in— The installation of all parts of the 
plumbing system which can be completed 
prior to the installation of fixtures. This in- 
cludes drainage, water supply, and vent pip- 
ing, and necessary fixture supports. Alsocalled 
roughing-in. 

Run— That portion of a pipe or fitting continuing 
in a Straight line in the direction of flow in the 
pipe to which it is connected. Sometimes 
used to describe an appreciable length of 
Straight or nearly straight piping. 
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running trap 


Running trap—4A trap in which the inlet and 
outlet are in a straight horizontal line be- 
tween which the water way is depressed to 
below the bottom of either the inlet or outlet. 


Sanitary drainage pipe— Pipes installed to re- 
move the waste water and waterborne wastes 
from plumbing fixtures and convey these 
wastes to the sanitary sewer or other point of 
disposal. 


Sanitary drainage and vent piping system— 
The sanitary drainage and vent piping sys- 
tems are installed by the plumber to remove 
the waste water and waterborne wastes from 
the plumbing fixtures and appliances, and to 
provide a circulation of air within the drain- 
age piping. 

Sanitary sewer—A sewer that carries sewage 
and excludes storm, surface, and groundwa- 
їег. 


Seal of a trap— See Trap seal. 


Self-syphonage — The loss of the seal of a trap 
as a result of removing the water from the 
trap that is caused by the discharge of the 
fixture to which the trap is connected. 


Service sink—A sink with a deep basin to 
accomodate a scrub pail. It is used for the 
filling and emptying of scrub pails, the rins- 
ing of mops, and the disposal of cleaning 
water. Also called a slop sink. 


Sewage — Any liquid waste containing animal or 
vegetable matter in suspension or solution. It 
may include liquids containing chemicals in 
solution. (Minnesota Plumbing Code.) 


Ѕемег— Ап artificial conduit, usually under- 
ground, for carrying off waste water and 
refuse. 

Shower bath—A bath in which the water for 
bathing is showered upon the body from 
above. | 


Sill cock—A type of lawn faucet used on the 
outside of a building to which a garden hose 
may be attached. 


Single handle faucet— See Port control faucet. 
Siphonage — See Syphonage. 
Slop sink— See Service sink. 


Soil pipe—A pipe that conveys the discharge of 
water closets or similar fixtures, containing 
fecal matter with or without the discharge of 
other fixtures to the building drain or build- 
ing sewer. Also cast iron pipe with either bell 
and spigot or hubless (no-hub) ends used in 
plumbing to convey wastes. 


бой stack—A vertical line of piping that extends 
one or more floors and receives the dis- 
charge of water closets, urinals, and similar 
fixtures. It may also receive the discharge 
from other fixtures. 


Stack—A general term for any vertical line of 
soil, waste, or vent piping extending through 
one or more stories. 


stack cleanout 


Stack cleanout— A plugged fitting located at the 
base of all soil or waste stacks. 

Stack group— А group of fixtures located adja- 
cent to the stack so that by means of proper 
fittings, vents may be reduced to a minimum. 


Stack vent— The extension of a soil or waste 
stack above the highest horizontal drain con- 
nected to the stack. 


Stop and waste valve—A gate or compression 
type valve that has a side opening or port 
which may be opened to allow water to drain 
from the piping supplied by the valve. 


Stop box or curb Бох — An adjustable cast iron 
box that is brought up to grade with a remov- 
able iron cover. By inserting a shutoff rod 
down into the stop box it is possible to turn 
off the curb cock. 


Storm sewer—A sewer used for conveying 
groundwater, rainwater, surface water, or 
similar nonpollutional wastes. 

Storm water drainage system — The piping sys- 
tem used for conveying rainwater or other 
precipitation to the storm sewer or other 
place of disposal. 


ІМ 


S-trap 
S-Trap—An S-shaped, water seal trap some- 
times used in plumbing. (Most water closet 
traps are S-traps.) | 


34 S-trap 


3/, S-Trap—A trap shaped like three-fourths of 
the letter S. 


Supports — Devices for supporting and securing 
pipe, fixtures, and equipment. 


swing joint 


Swing joint—4A joint in a threaded pipe line 
which permits motion in the line in a plane 
normal to the direction of one part of the line. 
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Ѕурһопаде — А suction created by the flow of 
liquid in pipes. 

Temperature and pressure relief valve—A 
safety valve designed to protect against the 
development of a dangerous condition by 


relieving high temperature and/or high pres- 


sure from a water heater. 


Three-quarter bath —A bathroom containing a 
water closet, a lavatory, and a shower bath. 


Тгар--А fitting or device which provides, when 
properly vented, a liquid seal to prevent the 
emission of sewer gases without materially 
affecting the flow of sewage or waste water 
through it. 

Trap arm— That portion of a plumbing fixture 
drain between the trap weir and the vent pipe 
connection. 


CROWN WEIR 


TOP DIP 


trap seal 


Trap seal— The column of water between the 
crown weir and the top dip of a trap. Also 
called seal of a trap. 


Trim—See plumbing fixture trim. 


Tube—A conduit or conductor of cylindrical 
shape, the wall thickness of which is less 
than that needed to receive a standard pipe 
thread. Compare with pipe. 


Unit vent — See Common vent. 


Urinal—A water flushed plumbing fixture de- 
Signed to receive urine directly from the user 
of the fixture. 
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Urinal, women's— А fixture designed for use by 
women so that it may be straddled. 


Vacuum — Any air pressure less than that exert- 
ed by the atmosphere. 


Vacuum breaker—A device installed to prevent 
the formation of a vacuum within a pipe line 
by admitting air at atmospheric pressure. 


Valve — A valve is a fitting installed by plumbers 
on a piping system to control the flow of fluid 
within that system in one or more of the 
following ways: 

1. To turn the flow on; 

2. To turn the flow off; 

3. To regulate the flow by permitting flow in 
one direction only (that is, to prevent 
backflow), to regulate pressure, or to re- 
lieve excess temperature and/or pressure. 


Vanity —A bathroom fixture consisting of a lava- 
tory set into or onto the top of a cupboard or 
cabinet. 


Vent pipe— The pipe installed to ventilate a 
building drainage system and to prevent trap 
syphonage and back pressure. 


Vent stack— A vertical pipe installed to provide 
circulation of air to and from the drainage 
System. 


Vent system — А pipe or pipes installed to pro- 
vide a flow of air to or from a drainage system 
or to provide a circulation of air within such 
System to protect trap seals from syphonage 
and back pressure. 


Vertical pipe— Any pipe or fitting which makes 
an angle of 45 degrees or less with the 
vertical. 


Wall-hung— Refers to a plumbing fixture which 
is supported from the wall. 


Wall hydrant—See sill cock. 


Waste and overflow fitting—A bathtub drain 
fitting which provides both the outlet for the 
bathtub drain and an overflow to drain ex- 
cess water from the tub. 

Waste ріре-А pipe that conveys only liquid 
waste free from fecal material. 

Waste stack— A vertical line of piping that ex- 
tends one or more floors and receives the ` 


discharge of fixtures other than water closets 
and urinals. 


Water closet—A water flushed plumbing fixture 
which is designed to receive human excre- 
ment directly from the user of the fixture. 
(The term is sometimes used to indicate the 
room or compartment in which the fixture is 
located.) 


Water closet seat—4A device installed around 
the rim of a water closet to support the 
person using the closet. 


Water cooler—An electric appliance which 
combines a drinking fountain with a water 
cooling unit. 


Water distributing ріре-А pipe that conveys 
water from the water service pipe to the point 
of use. 


Water hammer— The banging noise in pipes 
caused by a quick closing valve. 


Water heater — An appliance for the heating and 
supplying the hot water used within a build- 
ing for purposes other than space heating. 

Water main— The pipe that conveys potable 
water for public or community use from the 
municipal water supply source. 


Water meter—A device used to measure the 
amount of water in cubic feet or gallons that 
passes through the water service. 


Water service — The pipe from the water main or 
other source of water supply to the water 
distributing system of the building. 


Water softener—An appliance which removes 
dissolved water hardness minerals (calcium 
and magnesium) from water by the process 
of ion exchange. 


Water supply fixture unit—(wsfu)—A common 
measure of the probable hydraulic demand 
on the water supply by various types of 
plumbing fixtures. The supply fixture-unit 
value for a particular fixture depends on its 
volume rate of supply operation, and on the 
average time between successive operations. 


Wet vent—A vent which also serves as a drain. 


Yoke vent—A pipe that connects upward from a 
soil or waste stack to a vent stack and pre- 
vents pressure differences in the two stacks. 
Yoke vents are a type of relief vent. 
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Illustrations are shown in italic. 


A 


above-ground piping, hanging 
and supporting, 
113-114, 113, 114 
abrasive sandcloth, 73 
abrasive saw, 68, 68, 72 
Acrylonitrile-Butadiene- 
Styrene (ABS) plastic 
pipe, 43, 43 
adjustable wrench, 77, 78 
air-acetylene torch, 74, 74 
air compressor, 245, 245 
air test 
of distribution piping, 
250-251 
of finish plumbing, 311 
of sanitary drainage and 
vent piping, 244-248, 2495, 
246, 247, 248 
of water supply, 250-251 
American Standard Taper Pipe 
Thread (NPT), 100, 700 
anchoring devices, 114, 174 
angle of repose, 18, 79 
angle test plug, 246, 246 
angle valves, 49, 50 
annealed copper tubing, 38-39 
anti-syphon P-traps, 170, 770 
apartment building bathroom 


stack 

individually vented fixtures 
160, 160 

minimum venting, 159-160, 
160 


apartment building kitchen 
sink waste stack, 160, 
161, 162 


appliances, installation, 
240-241 
apprenticeship standards 
joint apprenticeship and 
training committee, 
4-5, 5 
safety consciousness, 13 
aqueducts, 1 
architectural blueprints, 7 
arm protection, 15 
arrestor, water hammer, 239, 


239 
assembly tools, 70-71, 77-79, 
71, 77, 78, 79 


automatic thermostat, water 
heater, 237, 238 
automatic water softener, 
233-235, 233, 234 
available pressure, 181 
aviation snips, 87, 88 


B 


backing for fixtures, 299 

back pressure, 179, 179 

backwater valves, 52,52” 

bag traps, 173-174, 173 

ball-type backwater valve, 52, 
52 

ball valves, 50-51, 51 

band saw, 89, 89 

base, shower, 299 

basement fixtures, 289, 290, 291 

vent installation, 295 

basement water supply system, 
308-311 

basin, mop, 230-231, 231 

basin wrench, 78, 79 


Index 


basket strainer, for kitchen sink, 
223-224, 224 
basket strainer wrench, 78, 79 
bathroom stack 
apartment building, 159-160, 
160, 161 
multistory building, 162-163, 
162 
bath-shower module, 219, 279 
bathtub 
history, 1 
installation, 299-301, 302 
left-hand, 218 
recessed, 219, 219 
right-hand, 218 
rough-in sheet, 268 
bathtub drain, 
fitting, 220, 220 
installation, 295 
rough-in sheet, 269 
bathtub faucets, 219-220, 219 
bathtub fittings, 
installation, 301, 302 
overrim, 219, 279 
bell and spigot cast iron soil 
pipe, 30, 33, 30-31 
bell traps, 173, 173 
bench grinder, 89, 89 
bench setup, 66, 66 
bending tools, 75, 75 
bent test plug, 246, 246 
bidets, 222, 222 
blade-type geared pipe cutter, 
67 
blowout urinals, 211, 213, 273 
blowout water closets, 204, 
204, 209 
blueprint reading and 
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specifications, 5, 7-8 
architectural, 7 
isometrics, 8, 8 
mechanical, 7 
plan views, 7 
plumbing symbols, 7 
schematics, 7, 7 
specifications, 8 
structural, 7 
symbols, 6, 7 

boiler drain, 50, 50 
boring tools, 82-83, 82, 83 
box, 
curb, 9-10 
trench, 21, 27 
box end wrench, 78, 78 
braces, wall, 231, 231 
bracing, of trenches, 18, 20 
branch, 
building drain, 10 
fixture, 10 
horizontal, 10 
branch drains, 123, 124 
branch vent, 11, 142-143 
sizing, 143 
breathing apparatus, 15-16 
brine, 
solution, 233 
well of water softener, 
233-234, 234 
builder's level, 81, 87 
building drain, 10 
installing, 292-293 
sizing, 120-122, 122 
building height, 185 
building sewer 
installation, 303-306, 304, 

305 
sizing, 120-122, 122 
tests of, 250 

building storm drain, 12, 

149-151, 151 

building storm sewer, 11 
built-in fixtures, 240 

bull head tee, 46, 47 
bullnose chisel, 85, 85 
bumping gasket method, 

95-96, 98, 96, 97, 98 
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burner, main, 236-237, 236 
butterfly valves, 51, 57 
bütt welded pipe, 33 
by-pass, water softener, 
234-235, 235 
by-pass port, 205, 206, 208 


C 
cable choker, 89, 90 
сар, 
ріре, 245 


water closet, 206, 208 
capillary action, 180, 180 
cast iron recessed drainage 
fittings, 35, 36 
cast iron sink, 222, 223 
cast iron soil pipe and fittings, 
29-33 
bell and spigot, 30, 33, 30-31 
joints, 92-98, 92, 93, 94, 95, 
96, 97, 98 
no-hub, 33, 32 
tools, 57-60, 58, 59, 60 
uses of, 33 
cast iron threaded fittings, 35, 


35 
caulked soil pipe joint, 92-94, 
92, 93, 94 


caulking hammer, 59, 59 
caulking irons, 16 
caulk joint tools, 59, 59 
ceramic tile shower baths, 221 
chain tons, 70-71, 71 
chain wrench, 70-71, 71 
chalk line and reel, 81, 87 
change in direction, drainage, 
128-129 
check valves, 51-52, 52 
chisel, 16 
bullnose, 85, 85 
cold, 85, 85 
cut-off, 59, 59 
Chlorinated polyvinyl chloride 
(CPVO) plastic piping, 43, 
44, 44 
chop saw, 58, 58 
cleaning tools, 73-74, 73, 74 


cleanouts, 10 
drainage, 129-130, 729, 130 
P-trap, 173, 173 
closet bends, 117, 117 
closet seat wrench, 78, 79 
clothing, safety, 15-16 
cock 
core, 50, 57 
corporation, 9, 50, 57 
curb, 9, 50, 57 
gas, 50, 57 
cold chisel, 85, 85 
combination compression valve, 
221, 221 
combination sewer, 147, 147 
combination wrench, 78, 78 
come-a-long, 89 
commercial construction, water 
closets in, 209, 209 
common vents, 141 
sizing, 141-142, 141, 142, 143 
compound-leverage pipe 
wrench, 71, 71 
compound water meter, 54, 55 
compression faucet, 217, 219, 
219, 222, 223, 227 
compression fitting joint, 111, 
111 
compression gasket soil pipe 
joint, 95-98, 95, 96, 97, 98 
compression gasket soil pipe 
joint tools, 59-60, 60 
concrete drilling tools, 83-85, 
64, 85 
conductor, rainwater, 12, 
147-148, 147, 148 
continuous weld pipe, 33 
contractor, plumbing, 4 
control, 
high limit, 237, 238 
thermostatic, 236-237, 236 
time clock, 234, 234 
coolers, water, 229-230, 229, 
230 
copper-cleaning machine, 74, 74 
copper compression joint, 
108-109, 708 


copper tubing, uses of, 38-39, 
42 
copper tubing fitting brushes, 
23 
copper tubing fittings, 40-42 
DWV copper fittings, 41, 40 
flared joint fittings, 41-42, 42 
solder joint pressure fittings, 
41, 41 
copper tubing joints, 104-109, 
105, 106, 107, 108 / 
compression, 108-109, 108 
flared, 107-108, 108 
solder, 104-107, 105, 106, 107 
copper tubing tools, 72-76, 73, 
74, 75 
core cocks, 50, 51 
core-type drill bit, 84, 85 
corporation cock, 9, 50, 51 
corporation stop, 9 
couplings, reducing, 46, 47 
crimping tool, 77, 77 
curb box, 9-10 
curb cock, 9, 50, 51 
curb stop, 9 
cut groove pipe joint, 102-103, 
102, 103, 104 
cut grooving tool, 63, 63 
cut-off chisel, 59, 59 
cutter 
blade-type geared pipe, 67, 67 
four-wheel pipe, 66-67, 67 
hydraulic, 58, 58 
internal, 80, 87 
ratchet, 58, 58, 76, 76 
single-wheel pipe, 66, 66 
squeeze-type, 58, 58 
wheeled-pipe, 66-67, 66, 67 
cutting tools, 57-59, 72, 80, 
82-83, 58, 72, 80 
abrasive saw, 68, 68, 72 
pipe vise, 61, 61 
power, 64-70, 64, 65, 66, 67, 
68, 69 
wheeled pipe cutters, 66-67, 
66, 67 


D 


depth guide rod, 83 
diagramatic piping drawing, 
Ту OSTIO 
diameter, outside, 38 
diaphragm, segment, 207, 205 
diaphragm-type flushmeter 
valve, 205, 207 
dies 
drophead, 62, 62 
jam-proof receding pipe, 62, 
63 
nonratcheting, 62, 62 
ratchet, 62, 62 
dip tube, water heater, 236, 
236 
dishwashers, domestic, 
225-220, 225, 226 
rough-in sheet, 267 
disk-type water meters, 54, 55 
disks 
solid-wedge, 47, 48 
split-wedge, 47, 48 
disposal, garbage, 224-225, 
226 
rough-in drawing, 266 
distribution piping test 
air, 250-251, 250 
hydrostatic, 250, 251 
ultrasonic, 250, 251 
downspout, 12, 147-148, 147, 
148 
drain(s) 
bathtub, 295 
branch, 123-124 
building, 10, 292-293 
for dishwasher, 225-226, 
226 
fixture, 10 
floor, 227-229, 228 
lavatory, 295 
roof, 12, 148, 149 
shower, 295 
shower bath, 222 
sizing of, 120-122 
storm, 12, 148-149, 151, 750, 
158 


drainage fixture unit system, 
120, 121 
drainage pipe 
change in direction of, 
128-129, 129 
grade or pitch of, 128, 728 
horizontal, 122-123 
drainage system 
sanitary, 10-11, 17 
storm, 11-12, 72 
venting of, 131-145, 134, 
135, 136, 137, 138, 139, 
140, 141, 142, 143, 144, 
145 
drinking fountains, 229-230, 
229, 230 
duo strainer, 223, 224 
Durham fittings, 35, 36 
DWV cooper fittings, 40, 41 


E 


ear plugs/protectors, 15 
elbows, reducing, 46, 47 
electrical safety, 17, 17 
electric drill, 82, 83 
electric hacksaw, 82, 83 
enclosure shower, 220-221, 220 
end pipe wrench, 70, 70 
estimator, plumbing, 4 
evaporation, 179-180 
excavations, 19 

trench, 306 
eye protection, 15, 85 


F 


face protection, 15 
faucet, 
bathtub, 219-220, 279 
compression, 217, 219, 219, 
222 223227 
concealed, 218, 218 
kitchen sink, 222, 223 
laundry tray, 226, 227 
port control, 217, 217, 222, 
223 
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single-handle, 218, 278, 219, 
219 
faucet rough-in sheet, 266 
laundry tray, 278 
lavatory, 274 
shower, 276 
file, half-round 67, 67 
final air test, 251-254, 251, 252, 
258 
finished plumbing test, 251-252 
finishing tools, 77-80, 77, 78, 
79, 80 
finish plumbing installation, 
308-311 
basement water supply 
system, 308-311, 308 
final air test, 311 
final cleanup, 311 
finishing, 308 
water pipe test, 311 
fit, interference, 109, 109 
fixture backing, 299 
fixture traps, ventilation, 3 
flange, roof, 11 
flared copper tools, 74, 75 
flared joint, 107-108, 108 
flared joint fittings, 41-42, 42 
flare fitting joint, 112, 772 
flaring tool, 74, 77, 77 
floor drains, 227-229 
features, 228, 228 
types of, 228, 228 
uses of, 228-229 
flow pressure, 185, 186 
flow rate, 182 
flushometer valves, 207 
diaphragm, 207 
piston-type, 207 
folded gasket method, 95, 95 
foot protection, 15 
foreman plumber, 4 
fountains, drinking, 229-230, 
229, 230 
four-wheel hinged pipe cutter, 
66-67, 67 
freon gas leak detection, 
252-253, 252 
front main cleanout, 10 
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full-way valves, 47 
“ G ` 


galvanized grooved joint 
fittings, 36, 37 
galvanized malleable iron 
fittings, 36, 37 
galvanized steel pipe and 
fittings, 33-36, 34 
uses of, 35 
galvanized steel pipe joints, 
98-104, 99, 100, 101, 102, 
103, 104, 
galvanized steel pipe tools, 
61-71 
garbage disposals, 224-225, 225 
rough-in drawing, 226 
gas cock, 51, 57 
gas mask, 15 
gasket, compression, 95 
gasket installation 
bumping, 96-98, 96, 97, 98 
folded, 95, 95 
gas, sewer, 10 
gate valves, 47-49, 48 
geared ratchet-type bender, 
lo LO 
geared threader, 68, 68 
globe valves, 49, 49 
goggles, 15 
grinder, bench, 89, 89 
grooved end pipe, 34 


H 


hacksaw, 76, 76 

electric, 82, 83 
halide torch, 87, 87, 252, 252 
hammer(s) 

caulking, 59, 59 

heavy, 85, 85 

rotary, 84, 84 
hammer drill, 83-84, 84 
hand cutting and threading 

tools, 61-63, 61, 62, 63 

hand-held power drive, 68 


hand hoist, 89, 90 
hand protection, 15 
hand tools, safety, 16-17, 16 
hangers 
above-ground piping, 
113-114, 113 
closet bends, 117, 117 
horizontal piping, 116-117, 
116 
stack base, 117, 117 
vertical piping, 115, 115 
hard temper copper tubing, 
38-39 
hard water, 232 
cold, 308-309 
head protection, 15 
helmets, safety, 15 
hoist 
hand, 89, 90 
racket lever, 89, 90 ' 
horizontal branch, 10 
horizontal drainage pipe, 
sizing, 122-123 
horizontal pipes, 120 
change in direction, 
128-129, 129 
grade or pitch, 128, 728 
supporting, 116-117, 116 
hot water, 310-311 
hot water outlet for water 
heater, 235, 236 
hot water supply fixture unit, 
189, 193, 197 
house plans, 313-330 
hydraulic cutter, 58, 58 
hydrostatic test of water 
supply and distribution 
piping, 251 


immersion elements, 237, 238 
indenture agreement, 3, 4 
individual vent, 11 
sizing, 138-141, 139 
inflatable rubber test plugs, 
246, 247, 247 


internal cutter, 80, 80 

internal partition traps, 174, 174 
ion exchange, 252 

isometrics, 8 


J 


jab saw, 80, 80 
jam-proof receding die, 62, 62 
job safety. See safety 
Joint Apprenticeship and 
Training Committee, 
apprenticeship standards, 3-5 
joint runner, 59 
joints 
cast iron soil pipe joints, 
92-98, 92, 93, 94, 95, 
96, 97, 98 
caulked soil pipe joint, 92-94, 
92, 93, 94 
compression fitting joint, 111, 
111 
compression gasket soil pipe 


joint, 95-98, 95, 96, 97, 98 


copper compression joint, 
108-109, 708 

copper tubing joints, 104-109, 
105, 106, 107, 108 

cut groove pipe joint, 
102-103, 702, 103, 104 

flared joint, 107-108, 708 

flare fitting joint, 112, 772 

galvanized steel pipe joints, 
98-104, 99, 100, 101, 102, 
103, 104 

no-hub soil pipe joint, 98, 99 

plastic pipe joints, 109-112, 
109, 110, 111, 112 

solder joint, 104-107, 105, 
106, 107 

solvent weld joint, 109, 709, 
110, 111 

threaded pipe joint, 100-101, 
100, 101 

joint tools, 59-60, 59, 60 
journeyman plumber, 4 


K 


keyhole saw, 83, 83 

kitchen sinks, 222-224 
drain fittings, 223-224, 224 
faucets, 222, 223 
history, 2, 3 
rough-in sheet, 264 
stack, installing, 293, 293 
waste stack, 160, 761, 162 


L 


ladders, 89, 90 
safety, 22-23, 22, 23 
large diameter spiral reamer, 67, 
67 
laundry trays, 226-227 
drain fittings, 226-227, 227 
faucets, 226, 227 
rough-in drawing, 277 
vent installation, 297, 298 
waste installation, 297, 298 
lavatories, 214-218 
rim type, 216, 216 
self trimming, 216, 216 
vanity, 215-216, 216 
wall hung, 214-215, 214 
wheelchair, 215, 215 
layout and measuring tools, 81 
lead and oakum caulking tools, 
59, 59 
lead maul, 60, 60 
leak detection 
freon gas, 252-253, 252 
peppermint, 254 
smoke, 253, 253 
leaks, trap seal, 180 
levels, 87, 88 
builder's, 81, 81 
lever handle gas cock, 50, 51 
lever-type bender, 75, 75 
list of materials, 281, 281, 308 


M 


manometer, 87, 87, 251-252, 252 


mechanical blueprints, 7 


mechanically sealed traps, 
173-174, 174 

midget tubing cutter, 80, 80 

mono head die, 65, 65 

mop basins, 230-231, 231 

multistory building bathroom 
stack, 162-163, 162 


N 


National Safety Council, 13 

nipples, 35 : 

no-hub soil pipe and fittings, 
33, 32 

no-hub soil pipe joint, 98, 99 

no-hub soil pipe joint tools, 60 

nonratcheting die, 62, 62 

nylon lifting slings, 89, 90 


O 


Occupational Safety and Health 
Act (OSHA) (1971), 13 

offset hex wrench, 77, 78 

offset stacks, 126-127, 127 

sizing, 126-127, 127 

oil for threading or grooving 
iron pipe, 63, 63 

outdoor register, 56, 56 

oxyacetylene welding and 
cutting, safety, 26-27, 
26, 27 


P 


peppermint leak detection, 254 
picks, 87, 88 
pipe 
installation, 112-117, 112, 
113: 114, 115,116, 117 
supporting, 112-117, 113, 
114, 115, 116, 117 
pipe caps, 245 
pipe reamer, 61-62, 61 
pipe support, 64, 65 
pipe vise, 61, 61 
pipe wrenches, 70, 70 
safety, 16 
piping symbols, 6, 7 
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piston-type flushometer valve, 
207-208 
plain end pipe, 34 
plan views, 7, 313-330 
plaster of Paris, 247-248 
plastic pipe and fittings, 
42-45, 43, 44, 45 
plastic pipe deburring tool, 76, 
76 
plastic pipe joints, 109-112, 
109, 110, 111, 112 
plastic pipe tools, 76-77, 77 
plastic primer, 109, 110 
plastic solvent, 109, 110 
pliers, smooth-jawed, 77, 78 
plug valves, 50, 57 
plumb bob, 81, 87 
plumber 
apprentices, 3-4 
contractor, 4 
estimator, 4 
foreman, 4 
journeyman, 4 
responsibilities, 1 
superintendent, 4 
plumbing, definition, 1 
plumbing code, 1, 8, 2, 91, 227 
plumbing fittings, 46-47, 46 
plumbing fixtures 
installation, 240-241 
symbols used for, 6 
venting, 136-141, 139, 140, 
141 
plumbing permits, 263 
plumbing system 
building, 8-12 
definition, 1 
inspection of, 243-244 
potable water supply, 9-10, 
9 
sanitary drainage, 10-11, 77 
storm water drainage, 
11-12, 17, 12 
testing, 243, 244-255 
plumbing system tests, 
244-255 
air test, 250-251, 250 
application of, 254-255 
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building sewer, 250 

finished, 251-252, 252, 253 

hydrostatic test, 251 

storm drainage piping, 250 

ultrasonic, 250, 251 

plumbing tools, 57-90, 81 

assembly tools, 70-71, 
77-79, 70, 71, 77, 78, 79 

basic, 57, 58 

bending tools, 75, 75 

boring tools, 82-83, 82, 83 

cast iron soil pipe tools, 
57-60, 58, 59, 60 

caulk joint tools, 59, 59 

cleaning tools, 73-74, 73, 74 

compression gasket soil 
pipe joint tools, 59-60, 
60 

concrete drilling tools, 
83-85, 84, 85 

copper tubing tools, 72-76, 
uU» 03, 2075 

cutting tools, 57-58, 72, 80, 
82-83, 58, 72 

finishing tools, 77-80, 77, 
/8, 79, 80 

flared copper tools, 74, 75 

galvanized steel pipe tools, 
61-71 

hand cutting and threading 
tools, 61-63, 61, 62, 63 

layout and measuring tools, 
81 

miscellaneous, 87-89, 87, 
88, 89, 90 

no-hub soil pipe joint tools, 
60, 60 

pipe support, 64, 64 

pipe vise, 61, 61 

plastic pipe tools, 76-77, 
ла, 20 

power cutting, threading 
and grooving tools, 
64-70, 64, 65, 66, 67, 
68, 69 

reamers, 73, 73 

soldering tools, 74, 74 

testing tools, 86-87, 86, 87 


plumbing trade 
history, 1-3 
structure, 3-4 
plumbing valves 
uses of, 53-54 
polybutylene (PB) plastic 
tubing, 43, 45 
polyethylene (PE) plastic 
tubing, 43, 44-45, 44 
polyvinyl chloride (PVC) 
plastic pipe and 
fittings, 43, 43, 44 
potable water, 9 
potable water supply, 9-10, 9 
power cutting, threading and 
grooving tools, 64-70, 
64, 65, 66, 67, 68, 69 
power drive, 68, 69 
pressure-reducing valve, 53, 53 
pressure-relief valve, 53, 53 
propane gas torch, 74, 74 
protective equipment, 15-16 
P-trap, 168-170, 168 
public building, water piping 
sizing, 195, 196, 197, 
198-199 


Q 


quick opening cutters, 72 
quick-opening die heads, 65, 65 


R 


rainwater conductor, 12, 
147-148, 147, 148 
rainwater leader, 12 
sizing, 148, 148 
ratchet and socket set, 70, 78, 
78 
ratchet cutter, 58, 58, 76, 76 
ratchet die, 62, 62 
ratchet handle, 68, 69 
ratchet lever hoist, 89, 90 
ratchet-type cutter, 58, 58 
rated valve, 47 
reamers 
for copper tubing, 73, 73 


spiral, 67, 67 
reducing couplings, 46, 47 
reducing elbows, 46, 47 
regeneration of water softener, 

233, 233 

relief valves, 53, 53 
residential construction 

water closets in, 208-209 
right-angle drill, 82, 82 
rim wrench, 78, 79 
roof drain, 12, 148, 149 
roof flange, 11 
roof jacket, 11 
rotary hammer, 84, 84 
rough-in drawings, 263, 264-280 
rough plumbing 

installation, 281-303 

testing and inspection of, 299 


S 


safety, 13-27 
clothing, 15-16 
electricity, 17 
general, 14-15 
hand tools, 16-17, 16 
ladder, 22-24, 22, 23 
oxyacetylene welding and 
cutting, 26-27, 26, 27 
scaffolding, 24, 24, 25 
in trenches, 17-18, 18 
welding, 26-27, 26, 27 
sand holes, 35 
sanitary drainage and vent 
piping 
air test of, 244-248 
sanitary drainage piping 
system, 119-127, 120, 
121, 122, 123, 124, 125, 
126, 127 
drainage fixture unit 
system, 120, 121 
horizontal pipes, 120, 720 
installing, 128-130, 128, 129, 
130 
sizing building drains and 
sewers, 120, 122, 122, 
123 


sizing soil and waste 
stacks, 124-125, 124, 
125. 126, 127 
soil and waste pipes, 
119-120 
sewer, 10 
venting, 131-145, 132, 133, 
134, 135, 136, 137, 138, 
139, 140, 141, 142, 143, 
144, 145 
vertical pipes, 120, 720 
Saws 
abrasive, 68, 68, 72 
band, 88, 89 
jab, 80, 80 
keyhole, 83, 83 
universal, 76, 76 
scaffolding 
safety, 24, 24, 25 
schematic piping drawing, 
ГГА 
screwdrivers, 78, 79 
seamless pipe, 33-34 
segment, diaphragm, 207 
service sinks and mop basins, 
230-231 
drain fittings 231, 237 
sheeting, 19 
sheet metal snips, 87, 88 
shoes, safety, 15 
shoring of trenches, 18, 18 
shovels, 88, 88 
shower base, installation, 
299-301 
shower baths, 220-222 
drains, 222 
water supply valve, 221, 221 
sillcocks, 50, 50 
single-family home, sizing 
water pipe in, 187, 189 
single-wheel pipe cutter, 66, 
66 
sledgehammer, 85, 85 
smoke leak detection, 253, 
253 
smooth-jawed pliers, 77, 78 
soap solution, 248 
Socket wrenches, 78, 78 


soil and waste pipes, 119-120 
bell and spigot, 30, 37, 33 
cast-iron, 29-33, 30-31, 32 
caulked joint, 92-94, 92, 93, 

94 
compression jacket joint, 
95-98, 95, 96, 97, 98 
no-hub, 32, 33, 98, 99 
soldering tools, 74, 74 
soldering torches, safety, 16 
solder joint, 104-107, 705, 106, 
107 

solder joint pressure fittings, 
41, 41 

solid-wedge disk, 47, 48 

solvent weld joint, 109-110, 
109, 110, 111 

specifications, 8, 258, 259-262 

spiral reamer, 67, 67 

split-wedge disk, 47, 48 

spoil, 19 

spring bender, 75, 75 

spud wrench, 77, 78 

squeeze-type cutter, 58, 58 

stack bases, 117, 117 

stack cleanout, 10 

stack group, 154, 154 

stack support, 117, 177 

stack terminals, 137-138 

stack vent, 11 
sizing, 134-137, 135, 136, 

137 

stainless steel sink, 222, 223 

star drill, 85, 85 

steel tape, 81, 81 

stepladder, 89, 90 

stop 
corporation, 9 
curb, 9 

stop box, 9-10 

storm drainage piping, 11-12, 

11, 12 
tests of, 250 

storm sewer, 11 

straight pipe wrench, 70, 70 

strainer, basket, 223-224, 224 

strap wrench, 78, 79 

structural blueprints, 7 
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superintendent plumber, 4 


supports 
above-ground, 113-114, 173 | 


closet bends, 117, 117 
horizontal piping, 116-117, 
116 
stack base, 117, 117 
vertical piping, 115, 115 
swing check backwater valve, 
52, 52 
syphonage, 175-180 
direct, 175-178, 176, 177, 
178 
indirect, 778 
by momentum, 178-179 
self-, 175-178 


T 


tank, 
brine, 234, 234 
flush, 205-207, 205, 213, 214, 
214 
mineral, 234, 234 
storage, 235-236, 236, 237, 
238 
urinal flush, 213, 214, 214 
tape, measuring, 81, 81 
tees, 46, 47, 157, 157 
test gauge assemble, 86, 87 
testing tools, 86-87, 86, 87 
test plugs, 86-87, 86 
T-handle torque wrench, 60 
thermal expansion, 239 
thermoplastic plastics, 42 
thermosetting plastics, 42 
thread and coupling (T and C), 
34 
threaded pipe joint, 100-101, 
100, 101 
tools, See plumbing tools 
traps, 167-180 
P-trap, 168-170, 168 
running, 171, 172 
S-trap, 171-172, 172 
trap seal loss, 175-180, 175, 
176, 177, 178, 179 
back pressure, 179, 179 
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capillary action, 180, 180 
evaporation, 179-180 
syphonage, 175-179, 176, 
177, 178 
wind effects, 180 
trenches, safety in, 17-18, 18 
trim, А : 
drinking fountain, 230 
lavatory, 216-218, 277, 218 
water cooler, 230 
tube cutter, 76, 76 
tubing cutter, 74, 75 
turbine water meter, 54, 54 
two-story industrial building 
toilet room piping, 163, 
163, 165 
two-story office building toilet 
room piping, 163, 764, 
165 


U 


ultrasonic leak detection, 250, 
251 

underground piping, 
installation, 112-113, 112 

Uniform Plumbing Code 
Committee, 120 

universal die head, 65, 65 

universal drive shaft, 68, 70, 69 

universal saw, 76, 76 

urinals, 210-214 

flush devices for, 213-214, 

214 


valves, 47-54 
angle, 49, 50 
backwater, 52, 52 
ball, 50-51, 51 
butterfly, 51, 51 
check, 51-52, 52 
full-way, 47 
gate, 47-49, 48 
globe, 49, 49 
nonrising stem-inside screw 

gate, 48-49, 48 


plug, 50, 51 
pressure-reducing, 53, 53 
relief, 53, 53 
rising stem-inside screw gate, 
48, 48 
rising stem-outside screw and 
yoke gate, 48, 48 
sillcocks and boiler drains, 
50, 50 
uses of, 53-54 
vents 
branch, 11, 142-143 
individual, 11, 138-141, 139 
stack, 11, 134-137, 135, 136, 
f 37 
wet, 143-145, 144, 145 
vent stack, 11 
vertical pipes, 120, 720 
supporting, 115, 115 
vise, pipe, 61, 61 


W 


waste pipe, 120. See a/so Soil 
and waste pipes 
water closets 
in commercial construction, 
209, 209 
flushometer valves, 207-208 
history, 3 
hopper, 3 
in residential construction, 
208-209 
seats, 209, 210 
siphon washdown, 3 
types of tanks, 207, 208 
washout, 3 
water coolers, 229-230, 229, 230 
water hammer, 239 
water heaters, 235-240 
automatic electric storage 
tank, 237-238 
jacket, 235, 236 
relief valves, 238-240, 239 
rough-in drawing, 279 
water main, 9 
water meters, 54-56 
compound, 54, 55 


disk, 54, 56, 55, 56 
outside registers for, 56, 56 
turbine, 54, 55 
water pressure tank, 85, 85 
water service, 9 
installation, 306, 307 
water softeners, 232-235, 233, 
234, 235 
rough-in drawing, 280 
water supply fixture unit 
system, 182 
water supply piping 
air test of, 250-251 
available pressure, 181 
demand, 181-182 
flow pressure needed at the 
top floor, 185-186, 785 
height of building, 185 
length of piping, 182, 184, 
185, 185 
minimum sizes of water 
pipes, 186, 786 


sizing, 187-199 
welded pipe, 33 
welding torches, safety, 26-27, 
26, 27 
wet core drilling outfit, 84-85, 
65 
wet-venting, 143 
sizing, 143-145, 144, 145 
wheelchair lavatories, 215, 215 
wheeled pipe cutters, 66-67, 
66, 67 
wheel pipe cutter, 61, 67 
wind effect, on trap seals, 180 
wrench 
adjustable, 77, 78 
basin, 78, 79 
basket strainer, 223-224, 224 
box end, 78, 78 
chain, 70-71, 71 
closet seat, 78, 78 


combination, 78, 78 
compound-leverage pipe, 71, 
71 

end pipe, 70, 70 
offset hex, 77, 78 
pipe, 16, 70, 70 
rim, 78, 79 
Socket, 78, 78 
spud, 77, 78 
straight pipe, 70, 70 
strap, 78, 79 

wye, 46, 47 


xpelor, 208 


Y 


yoke and screw flaring tool, 74 
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